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INTRODUCTION 
The popularity of fish as table fare and as the focus of 
recreational pursuit has increased sharply in recent years. Wild 
populations of fish may not be able to meet this increasing demand (Joint 
Subcommittee on Aquaculture, 1983). Aquaculture, or fish farming, has 
and can continue to provide fish for sport fishing and human consumption 
as these demands increase. World aquaculture production increased 57% 
between the years 1975 and 1979. In 1983, aquaculture accounted for 12% 
of the 86 million metric tons of aquatic foods produced (Rhodes, 1985). 
Acknowledging the great potential of aquaculture, the United States 
Government passed the 1980 National Aquaculture Act (PL-362) which was 
reauthorized in 1985 (PL98-623). This act defined a policy to encourage 
aquacultural development within the United States. Aquaculture was 
recognized as a national priority for three main reasons. First, the 
quantity of fish and seafood consumed in the United States has increased 
from an annual per capita consumption of 3.27 kilograms in 1979 (Rhodes, 
1987) to 6.68 kilograms in 1986 (U.S. National Marine Fisheries Service, 
1987). An increase in health awareness and the possible beneficial 
effects of consuming fish on the cardiovascular system are thought to 
have contributed to this increase in fish consumption (Rhodes, 1986). 
Second, many of the major wild fish stocks are thought to be fully or 
even over-exploited (Food and Agriculture Organization, 1985), limiting 
the possibility of expansion of traditional fisheries. A deficit of 20 
million metric tons of aquafoods will exist by the year 2000 (Rhodes, 
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1985). Third, fisheries products represent a significant portion of the 
national trade deficit. Fourteen percent, or 4.1 million dollars, of the 
annual merchandise trade deficit for 1984 was attributed to fisheries 
products (Aquaculture Magazine, 1985). Development of the aquaculture 
industry in the United States could result in a reduction of this 
deficit. 
The production of several species of fish in the U.S. has developed 
into profitable industries. The production of rainbow trout in the 
United States has increased greatly since the early 1950s. In 1954, the 
annual production of farm-reared rainbow trout (Salmo gairdneri) was 450 
metric tons. By 1972, production had increased to 13,400 metric tons 
(National Research Council, 1978) with production almost doubling during 
the succeeding 10 years to a total of 21,800 metric tons (National 
Aquaculture Development Plan, 1983). The culture of channel catfish 
(Ictalurus punctatus) in southeastern U.S. has also evolved into a viable 
industry. Production of catfish increased from 4,000 metric tons in 1969 
(National Research Council, 1978), to 34,855 metric tons in 1980 and than 
to 90,900 metric tons in 1982 (National Aquaculture Development Plan, 
1983). The industry experienced a 400% increase in production between 
1980 and 1985 without substantial decreases in price (Rhodes, 1987). 
Farm-raised catfish is now a regular menu item for several national 
restaurant chains such as Churches Fried Chicken, Golden Corral Steak 
House, Red Lobster and Long John Silver's Seafood Shop (Rhodes, 1987). 
Many other species are being investigated for aquacultural development. 
As in traditional animal agriculture, a high product demand and 
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reasonable production costs are the primary factors influencing the 
development of a species for culture. The walleye is considered to be 
one of the most valuable and sought after species in North America 
(Nickum, 1985). It is valued both as a commercial species and as a game 
fish. Although only sport fishing of walleye is permitted on Lake Erie 
today, commercial production in Lake Erie alone in the late 1950s totaled 
nearly 14,000 tons (Nickum, 1985). An industry has developed around 
walleye sport fishing on Lake Erie, providing jobs and income to many 
people living in the towns that border the lake. States that feature 
walleye fishing, such as Minnesota, Michigan and Wisconsin, consistently 
outsell most other states in resident and nonresident angling licenses. 
There is an increasing demand by state fishery managers for walleye 
fingerlings for stocking purposes, as is evidenced by the increase in 
walleye production by state fish hatcheries. 
Walleye also are highly desired for human consumption. Many 
restaurants throughout the U.S. feature walleye. Frozen walleye is 
stocked by grocery stores in the Midwest throughout most of the year with 
an average price for fillets of approximately $5.00/pound. Fresh walleye 
is sometimes available for $7.50 to $8=00/pound (The Waterfront. Clock 
Tower Square, Des Moines). A demand for the mild flavor and fine, 
delicate flesh of the walleye exists today. 
There has been interest in producing walleye for human consumption 
since the early 1970s (Nagel, 1976). Live minnows were necessary to feed 
the walleyes at that time. Production costs were prohibitively high to 
produce fillet-size fish with the minnow feeding method. The use of 
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pelleted feeds reduced feed costs and allowed for more control over the 
rearing process. The pelleted diet most often fed to walleye; W16 (U.S. 
Fish and Wildlife Service), contains high levels of protein and energy 
(60% protein and 4100 kcal ME/kg of diet). This diet is expensive 
compared with other fish feeds, costing 50 cents per pound for starter 
granules (Glencoe Mills, Glencoe, Minnesota). Development of a more cost 
effective diet is necessary for walleye culture to fully develop. 
The objectives of this dissertation were to: (1) determine the 
protein requirement of two sizes of fingerling walleyes; (2) determine 
the effect of varying levels of dietary protein and energy on weight gain 
and body composition; (3) compare the performance of walleyes fed diets 
of the specifications determined in objectives 1 and 2, with that of 
walleyes fed commercially available diets. 
Explanation of Dissertation Format 
The three sections of this dissertation represent three manuscripts 
which have already been or will be submitted for publication in 
scientific journals under the authorship of Frederic T. Barrows, Jerry L. 
Sell and John G. Nickum. 
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LITERATUEE REVIEW 
Development of Walleye Culture 
The walleye (Stizostedion vitreum vitreum) is considered one of the 
most valuable and sought after fishes in North America, both as a 
commercial species and as a game fish (Nickum, 1985). Because of this 
demand, walleyes have been propagated and their fry used in stocking 
programs for nearly 100 years (Webster, 1978). Fingerling walleyes (1-
to 6-inch fish) were first produced by adding fry to fertilized rearing 
ponds and allowing them to feed on natural populations of zooplankton 
(Dobie, 1956; Smith and Moyle, 1943). If food became scarce, the 
walleyes would readily feed on each other and the number of harvestable 
fish would decrease rapidly (Cheshire and Steele, 1972). To avoid this 
substantial loss of fingerlings to cannibalism when the small fish 
outgrew the zooplankton population, the fish either had to be removed and 
stocked or minnows had to be added to the pond as forage. Minnow feeding 
usually required a separate rearing pond in which to raise the minnows 
because adult minnows will consume large numbers of walleye fry. A great 
deal of labor was required to produce and transport minnows to the 
walleye rearing ponds. Rearing walleye fingerlings with pelleted feeds, 
as was done with salmonids at the time, would reduce the labor involved 
in supplying feed to the walleyes and allow for more control over the 
rearing process. 
The culture of fingerling walleyes, with pelleted feeds, has a much 
shorter history than that of walleye fry propagation. The first reported 
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feeding of pelleted feeds to walleyes was in the late 1960s (McCauley, 
1970; Cheshire and Steele, 1972). Many different feeds and rearing 
techniques were used to convert pond-reared fingerlings, that had 
previously been consuming live feeds, to pelleted feeds. Some of the 
problems encountered were inadequate feed consumption, cannibalism and 
disease. When the fish consumed the formulated feed, the latter two 
problems also decreased in severity (Nagel, 1976). Proper feeding and 
nutrition of walleyes then became a major area of interest to the 
culturist in the hopes of increasing the survival of cultured walleye. 
Diets that had been formulated and produced for other species were 
the first diets to be fed to walleyes. Trout granules (Canadian formula 
PR6) were fed by Cheshire and Steele (1972) and approximately 18% of the 
fish survived to attain 100 mm in length. When larger fingerlings were 
used, survival increased to 40%. Trout granules that had been stored for 
a year were found to be more readily accepted than "fresh granules" 
(Cheshire and Steele, 1972). A decrease in the pellet density or 
hardness might have accounted for this observation. Working with a 
larger group of fish (13,000) and feeding Oregon moist pellets, Nagel 
(1976) obtained survival rates (14 to 41%) similar to those observed by 
Cheshire and Steele (1972). Oregon moist pellets and the Abernathy 
Salmon diet were originally developed for Pacific salmon, but supported 
reasonable growth and survival rates when fed to walleye (Nagel 1974). 
Several National Fish Hatcheries (USFWS, Gavins Point, South Dakota; New 
London, Minn.; Senecaville, Ohio; Valley City, North Dakota) along with 
state fish hatcheries and universities, began experimental fingerling 
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culture with formulated feeds in the early 1970s (Beyerle, 1975). The 
Spearfish Fish Technology Center (USFWS, Spearfish, South Dakota) 
formulated a series of diets intended for coolwater fish in general and 
walleyes in particular. Diets of the so—called W series have been those 
most often recommended by walleye culturists (Nickum, 1978). W16 is the 
diet most commonly fed to walleyes in federal, state and private 
facilities today (W7, 13, 14, 15 and 16; Appendix A) . 
As the W series of diets were being developed, culturists designed a 
variety of management schemes to increase feed consumption and thus 
growth and survival. Walleyes are very excitable when reared under in­
tensive cultural conditions (Nagel, 1976), and procedures were developed 
to reduce disturbance to the fish by hatchery personnel and visitors. 
Covering the tanks with black plastic has been recommended. Some cul­
turists completely covered the tanks except for an area provided for the 
feeders (Nagel, 1976), others only partially covered the tanks (Bean, 
1985), and others (Mason, 1985; Barrows, 1985) obtained equally good 
results with no covers (40-95% survival for 30 days with all three ap­
proaches) . The need to cover the tanks could be dependent on the amount 
of nearby disturbance, but some culturists use covers in an attempt to 
exploit the photopositive response of young walleyes. The concept is to 
keep the fish close to the feeders by attracting them to the light. A 
greater number of fish are expected to consume the feed when crowded 
around the feeder. Nagel (1985) extended this concept using internal 
lighting (underwater lights) directly underneath the feeders. The age or 
size that walleye change from photopositive fry (Corazza and Nickum, 
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1981) to photonegative fingerlings has been a topic of debate among 
walleye culturists (Nickum, 1985). Various photoperiods have been used 
in attempts to maximize feeding of the fingerlings (Huh et al., 1976). 
Nickum (1978) recommended "dim" light and a 12- to 16-hour photoperiod. 
Another approach used by walleye culturists to increase feed 
consumption of pond-reared walleyes was to bring more feed to the fish 
rather than trying to bring the fish to the feed. The use of automatic 
feeders allowed for more frequent offering of feed to the fish, which 
resulted in increased survival (Beyerle, 1975). Walleyes that are just 
beginning to consume pelleted feed do not readily consume feed from the 
bottom of the tank. Tanks designed to suspend the feed particles in the 
water column seem to increase survival of the fingerling walleyes 
(Nickum, 1978). Increasing the feeding rate (Bean, 1985) during the 
conversion period, and offering feed at intervals of less than 5 minutes 
(Nickum, 1978), has probably resulted in the greatest improvements in 
survival rates when converting pond-reared walleye to pelleted feed. 
Providing pond-reared walleyes (5,000 fish, 24 experimental units) with 
the W16 diet every five minutes at a rate of 20% of body weight/day for 
the first 21 days, resulted in 95% survival (Barrows, 1985). No 
difference in survival (p>.05) was observed between fish converted in 
tanks with upwelling water flow or tanks with a standard drop-in water 
flow pattern. Survival rates above 90% have helped to dispell the idea 
that low conversion rates (of pond-reared fish to pelleted feeds) were 
due to a genetic trait of walleye that prevented consumption of pelleted 
feeds. This was a common belief. After several years of high conversion 
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rates by state hatcheries (Bean, 1984) and universities (Barrows, 1985), 
many other states and even private entrepreneurs have begun intensive 
walleye culture. 
Walleyes are now being reared intensively (in tanks with pelleted 
feeds) for fish management purposes by many state fish commissions. 
Production records for seven state fish commissions, for the 1986 
production season, are listed in Table 1. Several of these states began 
feeding formulated diets to walleyes for the first time in 1986. Because 
management techniques are so important for successful conversion of 
walleyes to formulated feeds, the percent survival is expected to 
increase for several of these states. Average survival in 1986 was 
approximately 50%. At the Coolwater Culture Meeting (January 4-6, 1987) 
in Albia, Iowa, each state reported plans for increased production during 
the 1987 rearing season. 
The number of private hatcheries producing walleyes has increased in 
recent years. In 1984, there were four private hatcheries producing 
walleye fry, six hatcheries producing walleye fingerlings and four 
hatcheries willing to sell "adult" walleyes (Aquaculture Buyers Guide, 
1984). The number of producers sailing fingerlings had risen to 16 by 
1987, with four of these producers located in Iowa. The number of 
hatcheries selling fry and adult walleye had increased to 8 and 5, 
respectively (Aquaculture Buyers Guide, 1987). 
The development of management techniques for pellet feeding walleyes 
offers a feasible method for producing large fingerlings for stocking 
purposes (by either government or private hatcheries) or for producing 
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Table 1. Intensive walleye production of State Fish Commissions in 
1986 
Length, mm Total # 
State Init. Final produced % Surv. 
lA. <35 140 61,500 43 
XL. 40 105 10,750 50 
MO. 44 115 15,000 77 
NB. <35 115 26,300 17 
PA. 44 105 77,300 64 
SD. 44 105 13,300 62 
WI. 60 75 3,550 4 
farm-reared walleye fillets. The cost of producing walleyes with 
pelleted feeds, while less than the cost of feeding minnows, is still 
high. Nagel (1974) determined the cost of a five-inch walleye fingerling 
fed the Abernathy salmon diet to be 66% less than the cost of rearing 
equal size, minnow-fed walleyes. Mason (1985) produced 12,000, 145 mm 
fingerlings (feeding W16) at a cost of 23 cents per fish. The W16 diet, 
the diet most often fed to walleyes, contains 61% crude protein and 4100 
kcal ME/kg of diet (energy value calculated using ME values reported for 
trout. National Resource Council, NRC, 1981). Due to the high levels of 
protein and energy in W16, and the small quantities of this diet produced 
relative to other animal feeds, W16 costs 23 cents/kilogram (starter 
granules, Glencoe Mills, Minn., 1987). Relative to other fish feeds, 
this diet is expensive and places a limitation on large scale, commercial 
production of the species for either aquaculture or fish management 
purposes. Development of a more cost-effective diet will be necessary 
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for the continued increase of walleye production. The diet developed 
should not only cost less than the diets currently being fed, but should 
provide for faster and more efficient weight gain. 
Diet Development 
Formulated fish feeds contain high levels of protein relative to 
other animal feeds. Protein is the most expensive macronutrient in fish 
feeds. Attempts to reduce the cost of fish feeds necessitates the 
determination of the minimum quantity of dietary protein required for 
maximum growth. Protein requirement studies have been conducted for a 
number of fish species (Table 2). In general, crude protein requirements 
for fish range between 35 and 55% of the diet (NRC, 1981). The criteria 
chosen to estimate these requirements have varied between investigators. 
Maximum weight gain was the most commonly used criterion on which to base 
a requirement. Protein efficiency ratio and feed conversion rates were 
also used in some studies to evaluate the protein requirement. Carcass 
composition was used in protein requirement studies of the rainbow trout 
(Salmo gairdneri) (Satia, 1974; Austreng and Reftsie, 1979) and the eel 
(Anguilla japonica) (Nose and Arai, 1972). The use of different criteria 
in evaluating a protein requirement can result in different conclusions. 
Requirements based on maximum weight gains were reported to be higher 
than requirements based on an index of feed utilization (i.e., feed 
efficiency, body weight gain/weight of feed consumed). Diets containing 
protein levels just less than required for maximum weight have resulted 
in optimal feed-efficiency values for rainbow trout (Satia, 1974), 
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Table 2. Estimated dietary protein requirements for fish, minimum 
quantity of protein producing maximum growth 
Grams/ 
Species kg diet Reference 
Rainbow trout 400 
(Salmo gairdneri) 420 
450 
400 
Chinook Salmon 
(Oncorhynchus tshawytscha) 400 
Coho salmon 
(Oncorhynchus kisutch) 400 
Sockeye salmon 
(Oncorhynchus nerka ) 450 
Eel 445 
(Anguilla japonica) 
Plaice 500 
(Pleuronectes platessa) 
Smallmouth bass 450 
(Micropterus dolomieui) 
Striped bass 550 
(Morone saxatilis) 
Channel catfish 340 
(Ictalurus punctatus) 
Carp 380 
(Cyprinus carpio) 
Grass Carp 420 
(Ctenopharyngodon idella) 
Tilapia 
(Tilapia aurea) 340 
(Tilapia mossambica) 400 
(Tilapia zilli) 350 
Milkfish 400 
(Chanos chanos) 
Satia, 1974 
Austreng and Reftsie, 1979 
Halver et al., 1964 
Cho et al., 1976 
Belong et al., 1958 
Zeitoun et al., 1974 
Halver et al., 1964 
Nose and Arai, 1972 
Cowey et al., 1972 
Anderson et al., 1981 
Millikin, 1982 
Garling and Wilson, 1976 
Ogino and Saito, 1970 
Dabrowska, 1977 
Winfree and Stickney, 1981 
Jauncy, 1982 
Mazid et al., 1979 
Lim et al., 1979 
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smallmouth bass (Micropterus dolomieui) (Anderson et al., 1981) and 
striped bass (Morone saxatilis) (Milikin, 1982). 
Another difference in the methods used to determine protein 
requirements for fish is the approach used to formulate the test diets. 
Some investigators have exchanged carbohydrate sources for protein 
sources, on an equal weight basis, to decrease the protein content in a 
series of diets. The lipid contents of the diets were kept constant 
regardless of protein content. Dietary protein sources generally have 
higher metabolizable energy values for fish than carbohydrates. The 
result is the higher protein diets will also have a greater energy 
content than the lower protein diets. The use of different sources of 
protein and thus, different amino acid patterns would also affect the 
level of protein required for maximum growth. 
Even with the variety of approaches used to determine protein 
requirements, fish, in general, require higher percentages of protein 
in their diet than most other animals. Comparisons of protein 
requirements of growing, immature animals and adult animals are shown 
in Table 3. The decreases in the protein requirement, with maturation, 
are greatest for rats and beef cattle and lowest for salmonids. The 
efficiency of nitrogen utilization is lower in trout than in other 
animals (Rumsey, 1981). This is particularly evident when the protein 
requirements of mature animals are compared. Salmonids require high 
levels of protein even as adults when they are near nitrogen balance. 
Fish, like other animals, do not have a true protein requirement but 
require a well-balanced mixture of essential and nonessential amino acids 
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Table 3. Comparison of protein requirement for immature and mature 
animals 
Decrease from 
Protein requirement (% of diet) immature to matur 
Animal Immature Mature % of mature req. 
Dogf 96*^ 48*^ 100 
Mink*^ 38 25 52 
Rat® 12 4 200 
Chicken^ 18 12 50 
Turkey^ 28 12 133 
Pheasant^  30 18 67 
Vole^  13 8 62 
Pig® 27 13 108 
Beef cattle^  42.8^ 13.9^  208 
Salmonid 45 40 13 
^Adapted from Rumsey (1981). 
(Immature - mature)/mature x 100. 
'^NRC (1974), Nutrient requirements of dogs. Expressed as grams of 
protein/10 kg body weight/day. 
«RC (1982), Nutrient requirements of mink and foxes. 
N^RC (1978), Nutrient requirements of laboratory animals. 
NRC (1984b), Nutrient requirements of poultry. 
rNRC (1979), Nutrient requirements of swine. 
" R^C (1984a), Nutrient requirements of beef cattle. Expressed as 
grams.of protein/10 kg body wt./day. 
.Determined for 150 kg, medium frame steer calf gaining 1.0 kg/day. 
^Determined for 650 kg, bull gaining .4 kg/day. 
nRC (1981), Nutrient requirements of coldwater fishes. 
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(Wilson, 1985). The same ten amino acids are essential for fish that are 
essential for chickens, rats and pigs (Table 4). Comparing the amino 
acid requirements (expressed as a percentage of protein) of these animals 
reveals similar trends in the levels of required amino acids. The most 
obvious difference is in the requirement for arginine. The arginine 
requirement (expressed as a percentage of protein) of salmon is similar 
to the requirement of chickens, but is much higher than that required by 
rats or pigs. Salmon and chickens do not have a functional urea cycle, 
as do rats and pigs. This results in a higher dietary need for arginine 
by fish and chickens (Rumsey, 1981). Except for arginine, the relative 
gross levels of required amino acids are similar for trout and other 
animals. An extraordinarily high requirement for one, or even several 
amino acids, therefore, would not be a probable explanation for the high 
protein requirement of fish (Rumsey, 1981). 
A possible explanation for the high protein requirement of fish, 
however, is that the activities of the fish's amino acid catabolic 
enzymes do not adjust to varying levels of dietary protein (Rumsey, 
1981). Mammalian enzyme systems have the ability to adapt to changes 
in protein intake. A decrease in the amino acid catabolic enzymes 
occurs in mammals as dietary protein intake decreases (Kaplan and 
Pitot, 1970). This adaptation allows the animal to conserve nitrogen 
during periods of reduced protein intake. If the dietary protein 
intake of the rat increases, the amino acid degradative enzymes in the 
liver will also increase (Harper, 1965). Investigations into the 
response of liver enzymes of fish as affected by varying dietary protein 
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Table 4. Comparison of amino acid requirements of rat, chicken, pig and 
salmonid and catfish 
Percent of dietary protein 
Amino Acid Rat^  Chicken^  Pigf 
Chinoo^ 
Salmon 
Channel 
catfish® 
Arginine 1.0 5.5 1.2 6.0 4.3 
Histidine 2.1 1.4 1.1 1.8 1.5 
Isoleucine 4.6 3.3 3.1 2.2 2.6 
Leucine 4.6 5.6 3.7 3.9 3.5 
Lysine 4.7 4.7 4.7 5.0 5.0 
Methionine 
+ cystine 3.0 3.3 2.8 4.0 2.3 
Phenylalanine 
+ tyrosine 3.6 5.5 4.4 5.1 5.0 
Threonine 3.0 3.8 2.8 2.2 2.0 
Tryptophan 0.8 0.9 0.7 0.5 0.5 
Valine 3.1 3.4 3.1 3.2 3.0 
^umsey (1981). 
NRC (1984b), Nutrient requirements of poultry, for leghorn type 
chickens fed 18% protein diet. 
(1979), Nutrient requirements of swine, for 1-5 kg. pig fed 27% 
protein diet. 
NRC (1981a), Nutrient requirements of coldwater fishes, for 
fingerling salmon fed 40% protein diet. 
®NRC (1981b), Nutrient requirements of warmwater fishes and 
shellfishes for fingerling catfish fed 24% protein diet. 
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levels have been conducted. The effects of high and low levels of 
dietary protein on the concentration of amino acid catabolic enzymes 
(Rumsey, 1981) and on the concentration of gluconeogenic and glycolytic 
enzymes (Cowey et al., 1981), in the livers of fish were studied. When a 
60% protein diet was fed, the concentrations of glutamic dehydrogenase, 
arginase and histidine deaminases were 59, 3.5 and 4.9 umol/min/g. 
protein, respectively (Rumsey, 1981). Decreasing dietary protein to 20% 
of the diet resulted in only slight decreases in the concentrations of 
these enzymes. The levels of glutamic dehydrogenase, arginase and 
histidine deaminase in the tissue decreased to 49, 3.3 and 3.9 
umol/min/g. protein, respectively. The crude protein requirement of 
rainbow trout is approximately 40% of the diet (NRC, 1981). The change 
in dietary protein intake in this study was from a level well above the 
requirement to a level well below the requirement. 
The levels of gluconeogenic and glycolytic enzymes in trout livers 
were responsive to changes in dietary protein level (Cowey et al., 1981). 
The activity of pyruvate kinase, a glycolytic enzyme, was 404 
umol/hour/g. of liver in fish fed a 22% protein diet, but was only 265 
umol/hour/g. of liver in fish fed a 54% protein diet. The activity of 
fructose disphosphatase (gluconeogenic) in the liver, when the fish 
consumed the 22% protein diet, was 18 umol/hour/g. tissue. Feeding the 
54% protein diet resulted in greater levels of this enzyme (77 
umol/hour/g. tissue) (Cowey et al., 1981). The data show that trout have 
the ability to adjust their glucogenic and glycolytic enzymes in response 
to changes in dietary protein. 
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Cowey and Sargent (1980) used a different approach to evaluate the 
effect of dietary protein on amino acid catabolism. The rate of amino 
acid oxidation in turbot was studied. Leucine and phenylalanine were 
14 labeled with C and these amino acids were incorporated into either high 
(50%) or low (6%) protein diets. The percentage of oxidized leucine or 
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phenylalanine was determined by measuring the production of CO^  after 
feeding a labeled meal. When the 50% protein diet was fed, 29% of the 
leucine and 20% of the phenylalanine were oxidized. Feeding the 6% 
protein diet only reduced the percentages of leucine and phenylalanine 
oxidized to 24% of the amount ingested. Similar results were obtained 
when measuring the rate of oxidation of the nonessential amino acids, 
glutamic acid and alanine. This is in contrast to data reported for the 
rat by McFarlane and von Holt (1969), who observed a considerable 
decrease in the percentage of phenylalanine and leucine oxidized as 
dietary protein intake of rats decreased. The research of Cowey and 
Sargent (1980) provides further evidence of the lack of ability of fish 
to adjust their amino acid catabolic enzymes to changes in dietary 
protein. 
The amino acid degradative enzymes of salmonids seem to be adapted 
to handle high protein diets only. When the composition of a salmonid's 
diet in its native habitat is considered (primarily protein with very 
little carbohydrate, Stocek and McCrimmon, 1965; Wales, 1946; Hasler and 
Farmer, 1942), the need to adjust to low protein diets seems unnecessary. 
Even with low feed intakes, the natural diet of a salmonid would probably 
contain a high level of protein. Protein seems to be catabolized by the 
19 
fish when either low or high protein diets are fed, regardless of the 
intake level. When low protein diets are fed to rats, the level of amino 
acid degradative enzymes decreases, thus conserving protein (Kaplan and 
Bitot, 1970). During periods of starvation, the levels of amino acid 
catabolic enzymes in the liver of rats increased as body protein was 
mobilized for energy (Harper, 1965). 
The salmonids have evolved eating primarily high protein items such 
as fish, crustaceans and insects (Smith, 1959; Stocek and McCrimmon, 
1965; McConnell et al., 1957; Wales, 1946; Hasler and Farmer, 1942). The 
ability to adapt to low protein diets may be absent. The quantity of 
feed consumed by these fish in their native habitat might be a feast or 
famine type of situation. In the spring and summer, the young-of-the-
year fish are plentiful and the aquatic insects are hatching arid 
reproducing. Food is usually abundant. During the winter, even though 
the metabolic needs of fish decrease with decreasing water temperatures, 
food is not as plentiful and dependence on body stores of nutrients 
probably occurs. The amino acid catabolic enzymes of the salmonid might 
only need to adjust to high protein diets or starvation. Appreciable 
changes in enzyme concentrations may not have been necessary for these 
fish. It is possible that these same enzymes may respond differently in 
the livers of fish such as the tilapia (Tilapia zilli) or grass carp 
(Ctenopharyngodon idella) that feed primarily on aquatic plants. These 
fish probably consume lower protein diets in their native habitat than 
salmonids consume. No information could be found regarding the amino 
acid degradative enzymes of the grass carp or the tilapia. 
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The metabolic machinery of fish can degrade large quantities of 
protein for use as an energy source (Smith and Rumsey, 1976). The 
energetic cost of processing excess protein is low for the fish because 
the waste nitrogen is excreted primarily as ammonia by diffusion through 
the gills. The relatively high metabolic cost of urea or uric acid 
formation, therefore, is not encountered. Increasing the level of energy 
in the diet has resulted in less dietary protein used as an energy source 
and more of the dietary protein deposited in the body (Takeuchi et al., 
1978; Milikin, 1983). 
Takeuchi et al. (1978) fed rainbow trout one of eight diets that 
contained 5, 10, 12.5, 15, 17.5, 20, 22.5 or 25% lipid. All diets 
contained 35% protein. Weight gain increased with increasing dietary 
lipid. Maximum weight gain was attained with the 17.5% lipid diet. 
Further increases in dietary lipid resulted in reduced weight gain. The 
fish consuming the 17.5% lipid diet also had the greatest carcass 
nitrogen gain. There was an increase in percentage carcass fat with 
increasing dietary lipid up to the 15% lipid diet. Further increases in 
dietary lipid did not greatly change the percentage of carcass fat. 
Increasing the energy content of the diet by increasing dietary lipid 
from 5 to 17.5% resulted in more of the ingested protein being used for 
protein deposition, thus a greater net protein utilization. 
Lee and Putnam (1973) also observed an increase in weight gain of 
rainbow trout with increasing dietary lipid. Weight gain increased when 
a diet containing 40% protein was supplemented with either 16 or 24% 
lipid as compared with an 8% lipid supplemented diet. When a 32% protein 
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diet was fed, weight gain was similar for the 8 and 16% lipid diets, but 
weight gain increased significantly when a 24% lipid diet was fed. The 
increase in dietary energy resulted in more of the dietary protein being 
used for growth (Lee and Putnam, 1973). 
The effect of varying levels of dietary energy and protein on large 
rainbow trout (250-500 g.) was investigated by Beamish and Medland 
(1986). Three levels of protein were fed (30, 43, 52%) at each of two 
levels of dietary lipid (12, 24%). Weight gain and protein conversion 
efficiencies were increased by increasing dietary lipid from 12 to 24% at 
each of the three protein levels. 
Similar results have been reported for striped bass (Milikin, 1983). 
A factorial treatment arrangement was used with three levels of dietary 
protein (37, 47, 57%) and three levels of dietary lipid (7, 12, 17%). 
There was a main effect of dietary lipid on both weight gain and protein 
retention. Increasing dietary lipid from 7 to 12% resulted in greater 
weight gains and a greater percentage of the ingested protein being 
retained. 
Dietary energy levels can play an important role in the efficient 
use of dietary protein. If the energy content of the diet is too low, a 
greater proportion of the dietary protein will be used as an energy 
source. If the level of dietary energy is excessive, feed consumption 
will probably decrease and protein intake may fall below required levels, 
which would result in decreased growth rates. 
Another way to keep total dietary protein levels to a minimum 
without limiting growth is to balance the amino acids of the diet to the 
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exact needs of the animal. When feeding some protein sources, it is 
necessary to overfeed one amino acid to ensure adequate levels of another 
amino acid in the diet. By combining various protein sources, it is 
possible to meet each amino acid requirement and minimize dietary 
protein. The level of protein required in a diet containing a protein 
source with an imbalance of amino acids will be greater than the diet 
using a protein source with a balanced amino acid profile. If all the 
essential amino acid requirements for a species were known, then 
balancing a diet to meet amino acid minimums would be possible. The 
complete set of essential amino acid requirements has been determined for 
the Chinook salmon fingerling (Oncorhynchus tshawytscha), the eel (MC, 
1981) and the channel catfish (Ictalurus punctatus) (NRC, 1983). These 
values can be used as estimates for the requirements of other species, 
but various other methods have been developed to estimate the approximate 
amino acid need of a particular species. 
Ketola (1982) conducted experiments to evaluate the adequacy of 
different amino acid patterns to support growth and survival of Atlantic 
salmon (Salmo salar). The amino acid patterns of whole salmon carcass, 
fish protein concentrate (FFC), unfertilized salmon egg and the NRC 
(1973) requirements for chinook salmon were compared. All diets 
contained 40% protein and synthetic amino acids were supplemented to 
match the amino acid profile of each of the test proteins. The diets 
were maintained isonitrogenous and isocaloric by additions of glutamic 
acid. The average weight gain of the fish fed the 40% protein, casein 
basal diet was 2.4 g./fish over the 10-week trial. Supplementing with 
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amino acids based on the profile of the salmon carcass or on NRC 
requirements increased weight gain slightly. The fish fed the diet based 
on NRC requirements gained 3.0 g./fish, and the fish fed the diet 
balanced to the profile of the salmon carcass gained 3.1 g./fish. Weight 
gains were greater for the fish fed the diet based on the amino acid 
profile of fish protein concentrate (3.4 g.) than the fish fed the basal 
diet. The fish fed the diet based on the amino acid pattern of the 
salmon egg gained more weight (4.1 g.) than fish fed diets based on any 
other criteria. Survival was also greatest for the salmon fry fed the 
diet based on the amino acid pattern of the egg (89%) as compared with 
fish fed diets based on FPC (69%), salmon carcass (36%), NRC requirements 
for Chinook salmon (38%) or the fish fed the basal diet (40%). Rumsey 
and Ketola (1975) observed similar beneficial effects of using the egg 
amino acid profile for supplementing amino acids to a soybean based diet 
for rainbow trout fingerlings. 
The ratio of individual essential amino acids to the combined total 
of essential amino acids times 10,000 (A/E) has been suggested as a basis 
of amino acid supplementation (Arai, 1981). This ratio was first used 
with the amino acid composition of whole body coho salmon fry 
(Oncorhynchus kisutch) in developing a purified test diet (Arai, 1981). 
Fish fed a 33% protein, casein diet supplemented with synthetic amino 
acids to simulate the A/E ratio of the fry gained as much weight as fish 
fed a 40% protein, fish meal based diet. Feed efficiency also was 
improved by amino acid supplementation of the casein basal diet to 
simulate the A/E ratio of whole body protein. 
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Test diets for cherry (Oncorhynchus masou) and amago salmon 
(Oncorhynchus rhodurus) have also been developed using the A/E ratio of 
whole body protein (Ogata et al., 1983). The A/E ratio of white fish 
meal, eyed-egg protein (the protein of the egg during the eyed stage of 
development), and whole body protein of the cherry salmon were used to 
formulate casein based diets. The growth rates of both the cherry and 
amago salmon were greatest when fed diets supplemented with amino acids 
to simulate the A/E ratio of whole body protein as compared with fish fed 
diets based on any of the other criteria. 
Wilson and Poe (1985) investigated the relationship of whole body 
and egg amino acid patterns to the amino acid requirement patterns of 
channel catfish. A requirement for each essential amino acid has been 
determined for the channel catfish (NRC, 1983) in growth studies. The 
amino acid profile of 4- to 5-day-old channel catfish eggs and the 
profile of whole carcass of three sizes of channel catfish (30 g., 330 
g., 863 g. avg. fish) were determined. The relationship between the 
amino acid requirement pattern determined by growth studies and the amino 
acid pattern of whole body protein was highly correlated (r = 0.96). A 
correlation coefficient of 0.68 was determined for the amino acid pattern 
of the fertilized catfish egg and the amino acid pattern determined by 
growth studies. No growth studies with channel catfish were conducted 
comparing these amino acid profiles. The amino acid profile of whole 
body protein for the three sizes of catfish were not different. The 
authors suggested that this indicates the amino acid requirements of 
catfish (expressed as a percentage of the protein) did not change with 
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increasing body size. 
Different conclusions were reached by Ogata et al. (1983), Ketola 
(1982) and Wilson and Poe (1985) regarding the most appropriate tissue 
amino acid pattern to use in estimating amino acid requirements. Ogata 
et al. (1983) observed faster growth of salmon fed a diet with the amino 
acid profile of whole body protein as compared with salmon fed a diet 
with the amino acid profile of eyed-egg protein. Wilson and Poe (1985) 
found a stronger correlation between the NRC (1983) amino acid 
recommendations for channel catfish and the amino acid profile of whole 
body protein, than for the NRC recommendations and the amino acid profile 
of 4- to 5-day-old catfish eggs. In contrast, a diet with the amino acid 
profile of the unfertilized egg supported faster growth and greater 
survival of Atlantic salmon fry, than did a diet with the profile of 
whole body protein (Ketola, 1982). Each of these authors was using the 
amino acid profile of the egg during a different stage of development. 
Seagran et al. (1954) determined the amino acid content of five species 
of Pacific salmon eggs during four stages of maturity. Most of the amino 
acids increased in concentration as the eggs matured, except for 
arginine, tryptophan and threonine. The arginine and tryptophan 
concentrations remained stable during maturation, and the threonine 
content of the eggs decreased as the eggs matured. Suyama and Ogino 
(1958) detected changes in the amino acid profile of rainbow trout eggs 
after fertilization. The concentrations of isoleucine, leucine, 
phenylalanine, threonine and valine in the unfertilized egg were greater 
than those found in the eyed-egg. The amino acid profile of the 
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unfertilized egg also was different from the amino acid profile of sac 
fry just after hatching and the profile of fry. The difference in 
conclusions reached by Ogata et al. (1983), Ketola (1982) and Wilson and 
Poe (1985) could have been caused by the use of amino acid patterns of 
eggs at different stages of maturity or differences in the species 
tested. Both the amino acid pattern of the egg and the pattern of whole 
body protein seem to be good estimates of the amino acid balance needed 
by a particular fish species. These profiles should not be expected to 
describe the exact amino acid requirements of a species, but they should 
provide a starting place from which to further determine amino acid 
requirements. 
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SECTION 1. THE CRUDE PROTEIN REQUIREMENT OF 8 AND 50 GRAM 
FINGERLING WALLEYE (STIZOSTEDION VITREUM VITREUM) 
28 
The crude protein requirement of 8 and 50 gram fingerling 
walleye (Stizostedion vitreum vitreum) 
Frederic Thomas Barrows 
From the Departments of Animal Science and Animal Ecology, Iowa 
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ABSTRACT 
Two experiments were conducted to determine the crude protein 
requirement and the effect of dietary protein on body composition of 
fingerling walleyes. In the first experiment, quadruplicate lots of 55 
fish (x = 8 g) were housed in 130-liter flow-through tanks and fed one of 
six isocaloric (3720 kcal/kg ME) diets ranging from 37 to 57% protein. 
In the second experiment, quadruplicate lots of four fish (x = 50 g) 
housed in 18-liter cylindrical tanks were fed one of six isocaloric diets 
(3470 kcal/kg ME) ranging from 32 to 52% protein. Anchovy meal was the 
primary protein source, and synthetic amino acids were supplemented to 
match the amino acid profile of the unfertilized walleye egg. Tanks were 
supplied with 3 liters of 21 C water per minute. Photoperiod was 
automatically controlled providing 12 hours of light and simulated dawn-
dusk periods. Fish were collected at the beginning and end of each 
experiment for body composition analysis. Three mathematical models were 
fit to the data. The best fitting model, as determined by the lowest 
residual sum of squares, was used to estimate the protein requirement. 
Weight gain increased quadratically with increasing dietary protein to a 
breakpoint at 50% protein (p<.05) in the first experiment and 42% (p<.10) 
in the second experiment. The grams of carcass protein, ash and moisture 
gained increased linearly and carcass fat quadratically with increased 
dietary protein in both experiments. Maximum fat gain was predicted to 
occur at 48 and 42% protein in experiments one and two, respectively. 
Carcass condition factor was optimized at 43% protein (p<.05) in 
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experiment 2. Based on these two experiments, the protein requirement is 
approximately 50% for 8-g average walleyes and 42% for 50-g walleyes when 
using a protein source with an amino acid pattern similar to that of the 
unfertilized walleye egg. 
31 
INTRODUCTION 
There is considerable interest in the development of intensive 
walleye (Stizostedion vitreua vitreua) culture for both commercial 
aquaculture and fish management purposes. Successful intensive culture 
requires a cost effective, nutritionally complete formulated ration. 
Several rations (the W-series, 13-16, U.S. Fish and Wildlife Service) 
have supported adequate growth rates of walleyes but contain high levels 
of protein (57-60%). Overfeeding of protein can result in high feed 
costs and high ammonia levels in the culture system (Beamish and Thomas, 
1984). The quantity of dietary protein required by fish for maximum 
growth rate is affected by the quality and composition of the diet 
(Phillips et al., 1966; Lee and Putnam, 1973; Garling and Wilson, 1976), 
the amino acid composition of the protein source (Rumsey and Ketola, 
1975; Andrews et al., 1977), age and size of the fish (Satia, 1974; 
Winfree and Stickney, 1984), water temperature (Belong et al., 1958) and 
other environmental factors (Zeitoun et al., 1973, 1974). The objectives 
of the present research were to determine the minimum protein 
requirements for maximum growth of two sizes of walleye fingerlings and 
to determine the effect of dietary protein on body composition. 
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MATERIALS AND METHODS 
Diets 
In experiment 1, six isocaloric rations were formulated to contain 
37, 41, 45, 49, 53, and 57% protein (Table 1). The anchovy meal based 
diets were supplemented with synthetic amino acids to match the amino 
acid profile of the protein of unfertilized walleye eggs (Ketola, 1982). 
The metabolizable energy contents of the diets were calculated using 
values reported for rainbow trout (NRC, 1981). Diets were maintained 
isocaloric (3725 kcal/kg ME) by replacing the anchovy meal and synthetic 
amino acids with a combination of cod liver oil, dextrin and solka flok 
as the protein content decreased. 
The six isocaloric diets (3470 kcal/kg ME) used in experiment 2 
(Table 2) contained 32, 36, 40, 44, 48 or 52% crude protein. Alfalfa 
meal was used in addition to anchovy meal in order to reduce the caloric 
density of the low protein diets. 
Experimental Animals 
The fish used in experiment 1 were obtained from the Spirit Lake 
Hatchery (Iowa Department of Natural Resources) and converted to 
formulated feed at a weight of approximately 0.2 g. The fish used in 
experiment 2 were obtained from the Valley City National Fish Hatchery 
(U.S. Fish and Wildlife Service) and converted to formulated feed at a 
weight of approximately 1 g. The fish were fed W16 from the time of 
conversion to the time of the experiments. There were four tanks of fish 
per diet in each of the two experiments. One hundred and thirty—liter 
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Table 1. Composition of diets for 8-gram walleyes^  
% Protein 
Ingredient 37 41 45 49 53 57 
Anchovy meal 50. 68 56. 16 61. ,64 67. 12 72. 60 78. 07 
Cod liver oil 16. 00 14. ,23 12. 78 10. ,15 8. ,01 6. ,24 
Dextrin 16. 98 14. ,23 10. ,78 10. ,03 7. ,77 5, 46 
Solka flok 5. 00 4. ,24 3. ,91 2. 01 1. ,16 — 
Dicalcium phosphate 
Amino acid premix 
3, 69 2, ,95 2. ,21 1. ,48 0. ,74 —— 
4. 71 5. 25 5. 76 6. ,27 6. ,78 7. ,29 
Vitamin premix^ 0, ,60 0. 60 0. 60 0. ,60 0. ,60 0. ,60 
Mineral premix 0. 03 0, .03 0. 03 0. ,03 0. 03 0. ,03 
Choline chloride 0, ,16 0. 16 0. 16 0. 16 0. 16 0. 16 
Ascorbic acid 0. 15 0. 15 0. 15 0. ,15 0. 15 0. 15 
Binder 2. 00 2. 00 2. 00 2. ,00 2. 00 2, .00 
100. 00 100, .00 100, .00 
o
 
o
 .00 100. 00 100, .00 
C^ontained 3725 kcal ME/kg diet. 
C^ontained as a percentage of premix: arginine, 4.29; histidine, 
5.48; isoleucine, 17.25; leucine, 11.68; lysine, 9.04; methionine, 5.12; 
phenylalanine, 16.10; threonine, 11.26; tryptophan, 1.29; valine, 18.49. 
^Contributed per kg of diet: vit. A, 10000 lU; vit. D3, 720 lU; 
vit. E, 530 lU; vit. B12, 30 ug; calcium pantothenate, 160 mg; 
riboflavin, 80 mg; thiamine mononitrate, 50 mg; pyridoxine hydrochloride, 
45 mg; folacin, 13 mg; menadione sodium bisulfite, 25 mg; biotin, 1 mg; 
niacin, 330 mg. 
^Contributed in mg/kg diet: zinc, 100; manganese, 70; iron, 3; 
copper, 2; iodine, 1. 
tanks were stocked with 55 fish in experiment 1, and 18 1 cylindrical 
tanks were stocked with 4 fish in experiment 2. 
Feeding and Cultural Practices 
City water was dechlorinated, heated and degassed and supplied to 
the tanks at a rate of 3 liters/min. Dechlorination was achieved using 
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Table 2. Composition of diets for 50-gram walleyes^  
% Protein 
Ingredient 32 36 40 44 48 52 
Anchovy Meal 40. 88 45. 98 51. 09 56. 20 61. 31 66. 42 
Dehy. alfalfa meal 9. 16 10. 31 11. ,45 12. ,60 13. ,74 14. 89 
Dext rin 18, ,00 13. ,60 10. ,21 6. 89 3. ,57 — 
Cod liver oil 15. ,53 14. ,46 12. ,98 11. ,44 9. ,90 8. ,50 
Dicalcium phosphate 4. ,72 3. ,77 2. ,83 1. ,89 0. ,94 — 
Solka flok  ^ 4, ,38 3, ,97 2. ,95 1. ,93 0. ,92 — 
Amino acid premix 4. ,40 4, ,97 5. ,55 6. ,11 6. ,68 7. 25 
Vitamin premix^ 0, .60 0. 60 0. 60 0. ,60 0. ,60 0. 60 
Mineral premix 0. 03 0. ,03 0. 03 0. ,03 0, ,03 0. 03 
Ascorbic acid 0. 15 0. 15 0. 15 0. 15 0. 15 0. 15 
Binder 2. 00 2. 00 2. 00 2. 00 2. 00 2. 00 
100. 00 100. 00 100. 00 100. 00 100. 00 100. 00 
C^ontained 3470 kcal ME/kg of diet. 
C^ontained as a percentage of premix*: arginine, 4.84; histidine, 
5.36; isoleucine, 16.19; leucine, 11.65; lysine, 10.44; methionine, 6.52; 
phenylalanine, 15.42; threonine, 10.80; tryptophan, .98; valine, 17.80. 
C^ontributed per kg of diet: vit. A, 10000 lU; vit. D3, 720 lU; 
vit. E, 530 lU; vit. B12, 30 ug; calcium pantothenate, 160 mg; 
riboflavin, 80 mg; thiamine mononitrate, 50 mg; pyridoxine hydrochloride, 
45 mg; folacin, 13 mg; menadione sodium bisulfite, 25 mg; biotin, 1 mg; 
niacin, 330 mg. 
'^ Contributed in mg/kg diet: zinc, 100; manganese, 70; iron, 3; 
copper, 2; iodine, 1. 
activated carbon filters. Water temperature was maintained at 21±1°C. 
The pH of the water was approximately 9.3 throughout the trial. Lighting 
was limited during the day with two simulated dawn-dusk periods and a 6-
hour period of very dim lighting. Tanks were siphoned daily to remove 
excess feed and feces, and were scrubbed on the days the fish were 
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weighed. Walleye are excitable and growth rates seem to be decreased by 
hand feeding. Automatic feeders were, therefore, used. Feed was 
dispensed between 1800-2300 and 200-700 hours. The amount of feed 
offered was calculated on a percentage of body weight basis with the 
actual amount given always exceeding that consumed so intake was not 
limited by supply. Feed consumption, expressed as a percentage of body 
weight, decreased as the fish increased in size. The amount of feed 
offered during experiment 1 was decreased from 10 to 6% of body weight 
during the 8-week trial. In experiment 2, the feeding rate was decreased 
from 7 to 5% of body weight over Che 10-week experiment. 
Data 
Fish in each tank were weighed as a group every two weeks. The 
length and weight of each fish were measured at the beginning and end of 
experiment 2. Fish were sampled at the beginning and end of each 
experiment for determination of body composition. Fish were ground in 
liquid nitrogen to produce a uniform sample. Moisture content was 
determined by weight loss after freeze drying and protein was determined 
by microkjeldahl (AGAC, 1975). A Goldfisch extractor, using Skelly B as 
a solvent, was used in the determination of fat content of the carcasses. 
Ash was calculated as the residue remaining after oxidation of the sample 
at 550°C for 8 hours. 
Statistical Analysis 
Data were analyzed by the method of least-squares, with orthogonal 
polynomials used to partition treatment effects into single—degree-of-
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freedom contrasts (SAS, 1982). Minimum protein requirements were 
estimated by fitting the data to several least-squares models, including 
quadratic and sigmoidal exponentials (Bobbins et al., 1979; SAS, 1982), 
NLIN (SAS, 1982; Ware et al., 1980) and broken-line analysis (Draper and 
Smith, 1981). The most adequate model was considered to be that yielding 
the smallest residual sums of squares. The requirement was taken as the 
abscissa of the breakpoint in the broken-line analysis or as the upper 
asymptote in nonlinear models (Morris, 1983). 
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RESULTS 
Experiment t 
Weight gain increased with increasing dietary protein and reached a 
plateau with the 53 % protein diet. A further increase in dietary 
protein did not result in additional weight gain. There was a quadratic 
response of weight gain (p<.05) to dietary protein over the 8-week 
experiment. The broken-line model chosen to estimate the protein 
requirement predicted the intersection of the two lines (the break point) 
with 50% protein. The solid line in Figure 1 represents the predicted 
values of this model. Carcass composition at the end of the experiment 
is shown in Table 3. Dietary protein had a linear (p<.05) effect on the 
concentrations of carcass moisture, fat and ash. Percent moisture 
increased as the dietary protein increased while the percent fat and ash 
decreased. Percent carcass protein was not affected by changes in 
dietary protein. 
The composition of the weight gained can be determined by 
multiplying the percent composition of the carcass by the grams of weight 
gained during the experiment (Table 3). The grams of body fat gained 
increased as dietary protein increased up to the 49% protein diet. 
Further increases in dietary protein resulted in a decrease in the grams 
of fat gained. Maximum body fat gain, as determined by the broken-line 
model is estimated to be obtained with 48% dietary protein. Carcass 
moisture, ash and protein gain increased linearly (p<.05) with dietary 
protein. 
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Figure 1. The effect of dietary protein on weight gain of 8-gram 
walleyes. The x's represent the observed treatment means 
and the solid line represents the predicted values from 
the broken-line model 
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Table 3. Effect of dietary protein on body composition of 8-gram 
walleyes 
Percent Proximate composition % Grams gained 
dietary 
protein Moist.^  Fat® Prot. Ash® Moist. Fat^  Prot.® Ash® 
37 72.1 7.0 16.4 3.4 146.1 19.7 35.1 8.5 
41 72.9 6.4 15.9 3.2 240.3 26.4 53.5 11.9 
45 73.0 6.0 16.4 3.2 283.1 27.2 65.4 13.3 
49 74.1 5.4 16.1 3.0 340.3 28.4 74.7 14.7 
53 74.3 4.7 16.6 3.0 356.2 24.6 81.4 15.1 
57 74.1 4.4 17.1 3.1 387.1 24.1 91.7 17.1 
S.E.M. 0.44 0.29 0.26 0.10 15.8 2.3 3.7 0.9 
linear, p<0.05. 
^Quadratic, p<0.05, Fat^^  ^= 48.1% protein. 
^Standard error of the mean. 
Increasing dietary protein levels above 49% did not result in much 
additional weight gain. The composition of that gain did, however, 
change. With dietary protein levels greater than 49%, the fish gained 
more protein and less fat. Approximately 4% mortality occurred during 
the 8-week trial. The fish were treated with nitrofurazone in a 10 
mg/liter bath for 2 hours on 3 consecutive days. This procedure was 
repeated twice during the experiment. Mortality was not affected by 
dietary treatment. 
Experiment 2 
Changes in weight gain of the larger fish in experiment 2, related 
to increasing dietary protein, were similar to those observed in 
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Figure 2. The effect of dietary protein on weight gain of 50-gram 
walleyes. The x's represent the observed treatment means 
and the solid line represents the predicted values from 
the broken-line model 
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experiment 1; quadratic response of weight gain to dietary protein 
occurred (p<.10). The solid line in Figure 2 represents the predicted 
values of the best fitting broken-line model for these data. The 
breakpoint indicated that 42.3% dietary protein was optimum for weight 
gain. 
There was no effect of dietary protein on fish length and no 
mortality occurred. The ratio of weight to length, the condition factor, 
responded quadratically (p<.01) to increasing dietary protein (Table 4). 
A diet containing 43% protein was indicated by the broken line model to 
maximize condition factor. 
The carcass composition of 50 g fish at the end of the trial was 
similar to that of 8 g fish (Table 5). The response of body protein, 
fat, moisture and ash to dietary protein was similar. The larger fish, 
however, had a lower percentage of fat and a greater percentage of 
carcass protein. Carcass fat decreased linearly (p<.05) as dietary 
protein increased. Carcass moisture increased as carcass fat decreased. 
Protein and ash contents were not affected by changes in dietary protein 
intake. 
The quantitative composition of the weight gained is expressed in 
grams in Table 5. The grams of fat gained were affected by dietary 
protein. The response was quadratic (p<.05) and maximum fat gain was 
predicted to occur with a 42% protein diet. 
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Table 4. Effect of dietary protein on weight gain and condition 
factor of 50-gram fingerlings 
% Dietary protein 
32 36 40 44 48 52 SEM^  
Wt. gain, g.C'd 84.5 102.2 122.7 130.0 124.5 119.2 13.23 
K factor*^ '® 0.82 0.85 0.87 0.88 0.87 0.86 0.025 
a 5 3 Condition factor = weight *10 /length . 
^Standard error of the mean. 
L^inear, p<.05. 
'^Quadratic, p<.10. 
^Quadratic, p<.05. 
Table 5. Effect of dietary protein on body composition of 50-gram 
walleyes 
Percent Proximate Composition % Grams Gained 
uietary 
Protein Moist.^  Fat* Prot. Ash Moist.* Fatt Prot. Ash* 
32 69.8 5.3 17.8 4.0 59.0 4.4 15.1 3.4 
36 70.6 4.6 17.5 4.1 72.1 4.7 17.9 4.1 
40 70.3 4.8 17.6 4.0 86.1 5.9 21.6 4.9 
44 70.3 4.7 18.5 3.9 91.4 6.0 24.1 5.1 
48 71.1 4.2 17.7 3.9 88.5 5.2 22.1 4.8 
52 70.9 3.7 18.1 4.1 84.5 4.4 21.5 4.9 
S.E.M. 0.31 0.32 0.16 0.11 9.31 0.64 2.43 0.58 
linear, p<0.05. 
^Quadratic, p<0.05, Fat^^^ = 42.4% protein. 
S^tandard error of the mean. 
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DISCUSSION 
Fingerling walleyes seem to require a relatively high protein diet, 
as has been reported for other young fish (NRC, 1981). In the present 
experiment, growth of 8-g walleyes was maximized with a 53% protein diet. 
There was only a small increase in weight gain observed by increasing 
dietary protein from 49 to 53%. To aid in the interpretation of the data 
from the current research, three mathematical models, the quadratic, 
broken line, and nonlinear models, were tested. The broken-line model 
had the lowest residual sum of the squares and, therefore, had the best 
fit. The breakpoint, as determined by this model, was estimated to 
optimize weight gain with a 50 % protein diet. A 44% protein diet 
resulted in the greatest weight gain of the 50 gram walleyes. The 
broken-line model had the best fit to the data and a breakpoint of 42% 
dietary protein was predicted to maximize weight gain. 
A decrease in the protein requirement of fish with increasing size, 
has also been reported in rainbow trout (Salmo gairdneri) (Satia, 1974) 
and channel catfish (Ictalurus punctatus) (Winfree and Stickney, 1984). 
Winfree and Stickney (1984) determined the protein requirement for 1.7 g 
channel catfish to be approximately 55% of the diet. These authors also 
found that a 46-50% protein diet may be sufficient for maximum weight 
gain of 3-5 g channel catfish. In the present experiment, the 8 g 
walleyes required approximately 50% protein and the 50 g fish required 
42% protein for maximum weight gain. The differences in the caloric 
densities of the diets fed to the two sizes of fish should be considered 
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when making this comparison. The diets for the larger fish were 
necessarily lower in energy in order to obtain the desired range of 
protein contents. 
The carcass composition, of both sizes of fish, was affected by 
dietary protein (p<.05). In each instance, the percent fat in the 
carcass decreased with increasing dietary protein. Diets were formulated 
to be isocaloric primarily by adjusting the oil content of the diet. The 
lower protein diets, therefore, had a greater oil content than the high 
protein diets. The lack of dietary protein available for muscle 
deposition, along with the high oil content of the low protein diets, 
resulted in the observed fat accumulation. There was a quadratic 
response (p<.01) of grams of fat gained to dietary protein with both 
sizes of fingerlings. The fish consuming the intermediate levels of 
protein gained more grams of fat than either the high or low protein fed 
groups. Maximum fat gain for the 8 g fish was estimated, by the 
quadratic equation, to be obtained by feeding a 48% protein diet. A. 42% 
protein diet was estimated by the broken-line model to result in the 
maximum grams of fat gained by the 50 g fish. 
With the energy contents and amino acid profiles used in these 
experiments, maximum weight gain can be expected for walleyes averaging 8 
g by feeding a 50% protein diet. A diet containing 42% protein could be 
expected to maximize weight gain of 50 g walleyes. 
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ABSTRACT 
An experiment was conducted to determine the effect of varying 
levels of dietary energy and protein on the growth rate, body composition 
and muscle RNA/DNA ratios of walleyes. A factorial treatment arrangement 
was used providing three levels of dietary metabolizable energy (3310, 
3530 and 3750 kcal ME/kg) and four levels of protein (37, 44, 51 and 
58%). Quadruplicate lots of 14-g fish were assigned to each diet, with 
two lots of fish in each of two sizes of tanks. Flow-through 110-1 tanks 
were stocked with 20 fish and 18-1 tanks were stocked with 10 fish. 
Anchovy meal was the primary protein source and synthetic amino acids 
were supplemented to match the amino acid profile of unfertilized walleye 
eggs. Tanks were supplied with 3 liters of 21 C water/minute. 
Photoperiod was automatically controlled, providing 12 hours of light (30 
lux) and two simulated dawn-dusk periods. Fish were collected at the 
beginning and end of each experiment for body composition analysis. 
Epaxial muscle samples were taken at the end of the experiment for RNA 
and DNA analysis. Data were analyzed using general linear models 
procedure (SAS) to separate main effects and interactions. There was an 
effect of both dietary protein and energy (p<.05) on weight gain and 
length change, but no interaction effects were observed.• Maximum weight 
gain occurred with the 51% protein, 3530 kcal/kg ME diet. There was no 
effect of dietary protein or energy on the condition factor of the fish. 
The percentages of carcass fat, protein, ash and moisture were affected 
by (p<.05) dietary protein, but only carcass fat and moisture were 
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affected by dietary energy (p<.05). The percentage of carcass fat 
decreased with increasing dietary protein, but increased with increasing 
dietary energy. The percentage of carcass moisture varied inversely to 
carcass fat. Carcass protein (%) increased with increasing dietary 
protein, but was not affected by dietary energy levels. The percentage 
of carcass ash responded linearly to dietary protein (p<.05) and energy 
(p<.08), by decreasing with increasing dietary protein or energy. The 
grams of fat, moisture, ash and protein gained responded quadratically 
(p<.05) to both dietary protein and energy levels. No interaction 
effects of dietary protein and energy were observed on carcass 
composition. There was an effect (p<.01) of dietary protein, but not 
dietary energy, on the RNA/DNA ratios of muscle tissue. The RNA/DNA 
ratio increased with increasing dietary protein to 51% protein. Feeding 
a diet with 58% protein resulted in a lower ratio than feeding the 51% 
diet. 
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INTRODUCTION 
Profitable commercial, intensive production of a particular species 
depends upon many factors, one of which is a complete, cost effective, 
formulated feed. Fish require relatively high protein diets (NRC, 1981) 
compared with other commercially reared animals. The amount of dietary 
protein required for maximum growth rate has been shown to be influenced 
by the energy content of the diet for rainbow trout (Salmo gairdneri) 
(Lee and Putnam, 1973), channel catfish (Ictalurus punctatus) (Garling 
and Wilson, 1976), striped bass (Morone saxatilis) (Milikin, 1983) and 
red drum (Sciaenops ocellatus) (Daniels and Robinson, 1986). Fish are 
amniotelic and can readily use protein as an energy source. This can 
result in high levels of ammonia in the culture system (Beamish and 
Thomas, 1984) and high feed costs. Increasing the energy content of a 
diet can result in a greater proportion of the dietary protein being used 
for protein deposition rather than being used as an energy source. This 
protein-sparing effect has been reported for rainbow trout (Lee and 
Putnam, 1973; Takeuchi et al., 1978a; Beamish and Medland, 1986) and 
striped bass (Milikin, 1983). The objective of this study was to 
determine the effect of dietary protein and energy, and possible 
interactions, on the growth rate, body composition and muscle RNA/DNA 
ratios of walleyes (Stizostedion vitreum vitreum). 
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MATERIALS AND METHODS 
Diets 
A factorial treatment arrangement of diets was used, providing three 
levels of dietary energy and four levels of dietary protein (37, 44, 51, 
58%) (Table 1). The metabolizable energy (ME) contents of the diets 
(3310, 3530 or 3750 kcal/kg) were calculated using values reported for 
rainbow trout (National Research Council, NRC, 1976). Within an energy 
series, the diets were maintained isocaloric by replacing the anchovy 
meal, wheat midds and synthetic amino acids with cod liver oil, dextrin 
and solka flok in diets of decreasing protein content. Dextrin levels 
were limited to 20% of the diet (NRC, 1981). Rations were formulated to 
contain 37, 44, 51 or 58% protein by varying the amounts of anchovy meal 
and wheat midds. The amount of protein contributed by the wheat midds 
was kept as a constant percentage of the protein within each energy 
series (3310 kcal ME/kg series, 2.76% of protein from wheat midds; 3530 
kcal ME/kg series, 1.59% of protein from wheat midds; 3750 kcal ME/kg 
series, .42% of protein from wheat midds). The diets were supplemented 
with synthetic amino acids to match the amino acid profile of the 
unfertilized walleye egg (Ketola, 1982). 
Feeding and Cultural Practices 
The fish were obtained from the Valley City National Fish Hatchery 
(Valley City, N.D.) and converted to formulated feed at a weight of 
approximately 0.5 g. The fish were fed W16 (USFWS, Spearfish Diet 
Testing Center) from the time of conversion to formulated feeds from live 
Table la. Diet composition 
% Protein 
Ingredient 37 44 51 58 37 44 
Anchovy meal 48. 83 58. ,07 67. 31 76. ,55 49. ,61 58. 99 
Wheat middling 6. 22 7. 39 8. ,56 9. ,73 3. ,59 4. 27 
Cod liver oil 10. 13 7, .87 4. 76 2. ,05 11. ,91 9. 78 
Dextrin 18. 07 11. ,31 6. ,47 0. ,72 20. ,00 13. 83 
Dicalcium phosphate 3. 75 2. 51 1. ,26 — — 3. ,81 2. 55 
Solka flok 4. 83 3. 75 1. ,62 — — 3, ,10 1. ,71 
Amino acid prefix 
Vitamin premix 
4. 94 5. 87 6. ,79 7, ,72 4. ,75 5. ,64 
0. 60 0, .60 0. ,60 0. 60 0. ,60 0. ,60 
Mineral premix^  0. 03 0. 03 0. ,03 0. ,03 0, ,03 0. ,03 
Choline chloride, 50% 0. 45 0, .45 0. 45 0. 45 0. 45 0. ,45 
Ascorbic acid 0. 15 0. 15 0. 15 0. 15 0. 15 0. 15 
Binder 2. 00 2, .00 2, .00 2. 00 2. 00 2. 00 
100. 00 
o
 
o
 .00 100, .00 100. 00 100. 00 100. 00 
M.E., kcal/kg 3310 3310 3310 3310 3530 3530 
Contained as a percent of premix; for 3310 kcal/kg M.E. diet 
series; arginine, 4.45; histidine, 5.47; isoleucine, 16.80; leucine, 
11.74; lysine, 9.92; methionine, 5.47; phenylalanine, 15.99; threonine, 
11.13; tryptophan, 1.21; valine, 17.82; for 3530 kcal/kg M.E. diet 
series; arginine, 4.42; histidine, 5.47; isoleucine, 17.26; leucine, 
12.21; lysine, 9.26; methionine, 5.48; phenylalanine, 15.16; threonine, 
11.37; tryptophan, 1.05; valine, 18.32. 
C^ontributed per kg of diet: vit. A, 10000 lU; vit. D3, 720 lU; 
vit. E, 530 lU; vit. B12, 30 ug; calcium pantothenate, 160 mg: 
riboflavin, 80 mg; thiamin mononitrate, 50 mg; pyridoxine hydrochloride, 
45mg; folacin, 13 mg; menadione sodium bisulfate, 25 mg; boitin, 1 mg; 
niacin, 330 mg. 
C^ontributed in mg/kg diet; zinc, 100; manganese, 70; iron, 3; 
copper, 2;iodine, 1. 
54 
Table lb. Diet composition 
% Protein 
Ingredient 51 58 37 44 51 58 
Anchovy meal 68. 37 77. ,75 50. 38 59. 91 69. 44 78. 97 
Wheat middling 4. 95 5. 63 0. 94 1. 12 1. ,30 1. 48 
Cod liver oil 7. 38 4, ,99 14. 93 11. 91 10. ,08 8. 13 
Dextrin 7. 41 0. 95 20. ,00 15. ,76 8. ,09 0. 73 
Dicalcium phosphate 1. 28 — 3, ,87 2. ,42 1. ,30 — — 
Solka flok 0. 83 1. ,90 — — — —— — 
Amino acid prefix 
Vitamin premix 
6. 55 7. ,45 4. ,75 5. ,65 6. ,56 7. ,46 
0. 60 0, ,60 0. ,60 0, ,60 0. ,60 0. ,60 
Mineral premix 0. 03 0, ,03 0, ,03 0, ,03 0. ,03 0. ,03 
Choline chloride, 50% 0. 45 0, .45 0. ,45 0. 45 0. ,45 0. ,45 
Ascorbic acid 0. 15 0. 15 0. ,15 0. ,15 0. ,15 0. ,15 
Binder 2. 00 2. 00 2. 00 2. 00 2. 00 2. 00 
100. 00 100, .00 100. ,00 100. 00 100. 00 O
 
o
 
.00 
M.E., kcal/kg 3530 3530 3750 3750 3750 3750 
C^ontained as a percent of premix: for 3530 kcal/kg M.E. diet 
series; arginine, 4.42; histidine, 5.47; isoleucine, 17.26; leucine, 
12.21; lysine, 9.26; methionine, 5.48; phenylalanine, 15.16; threonine, 
11.37; tryptophan, 1.05; valine, 18.32; for 3530 kcal/kg M.E. diet 
series; arginine, 4.43; histidine, 5.49; isoleucine, 17.30; leucine, 
12.02; lysine, 8.65; methionine, 5.27; phenylalanine, 16.03; threonine, 
10.97; tryptophan, 1.27; valine, 18.57. 
C^ontributed per kg of diet: vit. A, 10000 lU; vit. D3, 720 lU; 
vit. E, 530 lU; vit. B12, 30 ug; calicium pantothenate, 160 mg: 
riboflavin, 80 mg: thiamin mononitrate, 50 mg; pyridoxine hydrochloride, 
45 mg; folacin, 13 mg; menadione sodium bisulfate, 25 mg; boitin, 1 mg; 
niacin, 330 mg. 
C^ontributed in mg/kg diet; zinc, 100; manganese, 70; iron, 3; 
copper, 2; iodine, 1. 
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food until the time of the experiment. Two sizes of tanks were used. 
One hundred and thirty-liter tanks were stocked with 20 fish and 18-1 
cylindrical tanks were stocked with 10 fish. Treatments were blocked by 
tank type, providing two tanks of fish per diet per tank type. Average 
initial fish weight was 14 g. 
City water was dechlorinated, heated and degassed before entering 
the rearing units. Dechlorination was achieved using activated carbon 
filters. Water temperature was maintained at 21 C. The pH of the water 
was approximately 9.4 throughout the trial. Lighting was limited during 
the day (30 lux) with two simulated dawn-dusk periods and a 6-hour period 
of very dim lighting (6 lux). Tanks were siphoned daily to remove excess 
feed and feces, and were scrubbed on the days the fish were weighed. 
Walleye are excitable and growth rates seem to be decreased by hand 
feeding. Automatic feeders were, therefore, used. Feed was dispensed 
between 18:00-23:00 and 2:00-7:00 hours. The amount of feed offered was 
calculated on a percentage of body weight basis. The amount of feed 
consumed, expressed as a percentage of body weight, decreased as the 
growth experiment progressed so feeding rate was also decreased from 10 
to 7% of body weight. 
Data 
Fish in each tank were weighed as a group every two weeks. 
Individual lengths and weights of ten fish from each tank were measured 
at the beginning and end of the experiment so that condition factor could 
be calculated. Fish were sampled at the beginning and end of each 
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experiment for determination of body composition. Moisture content was 
determined by weight loss after freeze drying and protein was determined 
by the microkjeldahl procedure (AOAC, 1975). Ash was determined as the 
residue remaining after oxidation of the sample at 550 C for 24 hours. 
In section 1 of this study, a correlation coefficient of 0.938 was 
observed between the percentage carcass fat determined by ether 
extraction and carcass fat determined by subtracting the sum of carcass 
protein, moisture and ash from 100. The difference method was used in 
this study to determine carcass fat content. 
Five fish from each tank were killed, and muscle samples were 
collected for determination of RNA and DNA concentrations (Appendix B). 
The fish were decapitated, eviscerated and frozen within 90 minutes after 
death. The carcasses were skinned and samples were taken while frozen. 
Approximately 1 g. sample of muscle was taken from the midsection of the 
fish above the lateral line and below the dorsal fin, from both sides of 
the fish. The ten samples from each tank were pooled and prepared for 
nucleic acid extraction as described by Bulow (1970). A chloroform: 
methanol, ether procedure was used to extract the lipids and moisture 
from the tissue. The nucleic acids were then extracted from 50 mg of 
dry, fat free muscle tissue. The RNA content of the extract was 
determined using the orcinol reaction and DNA concentrations were 
determined using the diphenylamine reaction (Schrader and O'Malley, 
1981). 
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Statistical Analysis 
The data were analyzed by using the Statistical Analysis System 
(SAS) developed by the SAS Institute, Raleigh, NC (SAS, 1982). The 
general linear models procedure was used to test for main effects and 
interactions. 
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RESULTS AND DISCUSSION 
Weight Gain 
Dietary protein level had an effect (p<.OI) on weight gain (% of 
initial weight) during the 10-week experiment. This effect followed a 
quadratic pattern within all three energy levels (Table 2, Figure 1). 
Weight gain increased as dietary protein increased from 37 to 51% 
(Figure 1). A further increase to 58 % protein resulted in less weight 
gain. 
There also was a quadratic effect (p<.05) of dietary energy on 
weight gain (Table 2). Increasing the energy content of the diet from 
3310 to 3530 kcal/kg, with a moderate or high level of protein, resulted 
in increased weight gain. A further increase in the energy level to 3750 
kcal/kg resulted in less gain than that observed for the low energy 
series (3310 kcal/kg) (Figure 1). Takeuchi et al. (1978b), working with 
rainbow trout and Milikin (1983) working with striped bass, reported an 
apparent quadratic effect of dietary energy on weight gain. Contrary to 
this, Daniels and Robinson (1986) observed a decrease in weight gain of 
red drum when increments of lipids (2 to 12%) were used to increase 
dietary energy level of diets containing either 34 or 44% protein. 
There were no interaction effects of dietary protein and energy 
levels on weight gain. Milikin (1983) also reported no interaction of 
dietary protein and lipid level on the weight gain of striped bass. 
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Table 2. Effect of protein and energy intake on weight gain (%) of 
walleye fingerlings 
Percent Dietary Protein 
37 44 51 58 
ME^ , kcal/kg (weight gain. % of initial) x^  
3310 134 167 180 165 161 
3530 126 183 193 
CO 
171 
3750 116 160 173 158 151 
-c 
X 125 170 182 169 
S.E.M.^  = 9.1. 
I^nteraction effect of protein and energy was nonsignificant. 
E^nergy effect, p<.05. 
P^rotein effect, p<.01. 
S^.E.M. = Standard error of the mean. 
60 
200 
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e 
Kcal ME/kg diet 140 
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Dietary Protein, % 
Figure 1. The effect of dietary protein and energy on weight gain (%) 
of walleye 
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Length Change 
Increase in length of the fish was affected (p<.01) by both the 
protein and energy contents of the diets (Figure 2, Table 3). In the low 
energy series, a linear (p<.01) increase in length was observed with 
increasing dietary protein. The length change of the fish consuming 
either the moderate or high levels of energy increased quadratically 
(p<.05) with increasing dietary protein. A quadratic response of length 
change to dietary protein had not been reported previously. Austreng and 
Refstie (1979) observed a linear response of fish length to dietary 
protein (24-51%) in rainbow trout. The diets fed by Austreng and Reftsie 
(1979) were not iso-caloric but contained dietary energy levels (3300-
3470 kcal ME/kg diet) similar to the low and moderate energy series used 
in the present experiment. 
Body Composition 
The percentages of moisture, fat, protein and ash of the fish at the 
end of the trial are listed in Table 4. There were no interaction 
effects of dietary protein and energy level on body composition. There 
was an effect of both dietary protein and energy level (p<.01) on the 
percentage of carcass fat and moisture (Table 5). The percentage of 
carcass fat decreased with increasing dietary protein, but increased with 
increasing dietary energy. The moisture content changed inversely with 
changes in the fat content of the carcass. An increase in dietary 
protein level resulted in an increase in carcass moisture content. An 
increase in dietary energy level resulted in a decrease in carcass 
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Figure 2. The effect of dietary protein and energy on length change 
(mm) of walleye 
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Table 3. Effect of protein and energy intake on length change of 
walleye fingerlings 
Percent Dietary Protein 
37 44 51 58 
ME^ , kcal/kg (Length gain, mm) xt 
3310 36.7 40.7 44.7 46.5 42.2 
3530 30.5 43.0 44.5 44.7 40.7 
3750 28.7 38.7 43.2 38.7 37.4 
5= 32.0 40.8 44.2 44.3 
S.E.M.^  = 2.25. 
I^nteraction effect of protein and energy was nonsignificant. 
E^nergy effect, p<.01. 
P^rotein effect, p<.01. 
S^.E.M. = Standard error of the mean. 
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Table 4. Effect of dietary protein and energy level on carcass 
composition of walleye 
% kcal % Carcass composition Grams gained 
Prot. ME/kg Moist. Fat Protein Ash Moist. Fat Protein Ash 
37 3310 
44 3310 
51 3310 
58 3310 
37 3530 
44 3530 
51 3530 
58 3530 
37 3750 
44 3750 
51 3750 
58 3750 
68.37 8.95 
69.12 7.90 
70.50 6.10 
70.60 6.12 
68.15 8.94 
69.04 8.50 
70.12 7.23 
70.36 6.47 
67.59 9.79 
68.58 8.67 
69.48 8.13 
69.84 7.11 
18.47 4.21 
18.80 4.17 
19.25 4.16 
19.18 4.10 
18.75 4.16 
18.42 4.03 
18.62 4.02 
18.42 4.11 
18.42 4.19 
18.65 4.11 
18.44 3.95 
18.99 4.05 
92.0 12.0 
115.2 13.2 
126.7 10.9 
116.4 10.1 
86.0 11.4 
126.1 15.6 
135.7 14.0 
129.6 11.3 
78.1 11.4 
109.9 13.9 
120.2 14.0 
110.7 11.3 
24.8 5.7 
31.4 7.0 
34.5 7.5 
31.7 6.7 
23.6 5.2 
33.7 7.4 
36.0 7.8 
35.1 7.6 
21.3 4.9 
29.9 6.6 
31.9 6.8 
30.1 6.4 
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Table 5. Main effects of dietary protein and energy level on carcass 
composition of walleye 
% Dietary Percent composition Grams gained 
protein Moisture Fat Protein Ash Moisture Fat Protein Ash 
37 68.04 9.22 18.55 4.18 85.4 11.6 23.2 5.2 
44 68.91 8.36 18.62 4.10 117.1 14.2 31.6 6.9 
51 70.03 7.15 18.77 4.04 127.5 13.0 34.2 7.3 
58 70.27 6.57 19.07 4.08 118.9 11.1 32.3 6.9 
kcal ME/kg 
3310 69.64 7.27 18.92 4.16 112.5 11.6 30.6 6.7 
3530 69.42 7.78 18.71 4.08 119.4 13.2 32.1 7.0 
3750 68.87 8.43 18.63 4.07 104.7 12.7 28.3 6.2 
S.E.M. 0.36 0.25 0.30 0.08 6.62 0.80 1.87 0.43 
Source of 
Variation; Probability of a > F value 
Protein (P) 
Energy (E) 
0.01 
0.01 
0.01 
0.01 
0.02 
NS 
0.05 
0.08 
0.01* 
0.01* 
. 0.01* 
0.05* 
0.01* 
0.01* 
0.01* 
0.05* 
P X E NS NS NS NS NS NS NS NS 
Q^uadratic response, p<.05. 
N^ot significant. 
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moisture content. These results are in agreement with those reported by 
Austreng and Reftsie (1979), Cowey et al. (1972), Reinitz and Hitzel 
(1980), Watanabe (1982) and Daniels and Robinson (1986) for various 
fishes. 
Dietary protein had an effect (p<.01) on carcass protein content 
(Table 5). The percentage of carcass protein increased with increasing 
dietary protein. An increase in percentage carcass protein with increas­
ing dietary protein has also been reported for rainbow trout (Satia, 
1974; Austreng and Reftsie, 1979) and plaice (Cowey et al., 1972). 
Carcass ash content was not affected by dietary energy or protein 
(p<.05). Milikin (1983), Austreng and Reftsie (1979) and Daniels and 
Robinson (1986) also reported no effect of dietary protein or energy on 
carcass ash content. 
Analysis of the quantitative composition of the weight gained (i.e., 
grams of fat gained) revealed an effect (p<.01) of both dietary protein 
and energy level on the grams of protein, moisture, ash and fat gained 
(Table 5). However, there were no interaction effects of dietary protein 
and energy level on the composition of weight gained. There was a 
quadratic effect of both dietary protein and energy level on the grams of 
protein gained. Protein gain increased with increments of dietary 
protein up to the 51% protein level. Feeding a 58% protein diet resulted 
in less protein gain than feeding a 51% protein diet. Protein gain also 
responded quadratically to dietary energy level. Fish fed the middle 
energy level (3530 kcal ME/kg) diets gained more protein than those fed 
the high (3750 kcal ME/kg) or low (3310 kcal ME/kg) energy diets. 
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The grams of moisture and ash gained responded quadratically to both 
dietary energy and protein level (Table 5). Moisture and ash gain 
increased with increasing dietary protein to the 51% protein level then 
decreased with the 58% protein level. 
The grams of fat gained was affected by dietary protein and energy 
level (p<.01). There was a quadratic response of fat gain to dietary 
protein (Table 5, Figure 3). This pattern was somewhat different from 
that observed for carcass moisture, ash and protein gain. The maximum 
grams of fat gained occurred when the 44% protein diet was fed. 
Increasing dietary protein to 51 or 58% resulted in less fat gain. There 
was a quadratic response of grams of fat gained to dietary energy level 
(p<.05). Feeding the diets containing the middle level of dietary energy 
resulted in greater carcass fat gains than that observed by feeding the 
low or high energy diets (Table 5, Figure 3). Feeding the high energy 
diets resulted in greater fat gain than feeding the low energy diets. 
The maximum gain of carcass ash, moisture and protein occurred with 
the 51% protein diet. The maximum gain in carcass fat occurred with the 
44% protein diets (Figure 3). This difference was most likely due to the 
the magnitude of change in percentage carcass fat in response to dietary 
protein relative to the magnitude of change in the percentage of carcass 
moisture, ash and protein. 
The effect of dietary protein on the percentage of carcass fat 
should be kept in mind when formulating diets for walleye. The desired 
composition of the fish should be dependent on their ultimate use. It is 
likely that a fish raised for stocking into the wild would benefit from a 
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Figure 3. The effect of dietary protein and energy on grains of fat 
gained by walleye 
69 
higher body fat content. At the same time, this fish should be as large 
and maneuverable as possible to avoid prédation. A fish raised for food 
consumption purposes should not have excessive fat stores as this would 
reduce shelf life and possibly consumer acceptance. 
Condition Factor 
The condition factor (ratio of weight to length) of the fish at the 
end of the trial was not affected by the dietary treatments (Table 6). 
Austreng and Reftsie (1979) observed an increase in the length of rainbow 
trout with increasing dietary protein. A similar increase was also 
observed in the present study. These authors, however, reported an 
effect (p<.01) of dietary protein on the condition factor of the fish. 
In the present study, no effect of dietary treatment on the condition 
factor was observed. Dietary protein had a similar effect on the length 
change and weight gain of the walleye. A change in the ratio of weight 
to length would, therefore, not be expected if both values are changing 
at comparable rates in response to dietary protein. 
Mortality 
Approximately 3% mortality occurred. The affected fish had no 
visible pathological symptoms, but were not feeding well and were much 
smaller than the other fish in the tank. Mortality was not affected by 
dietary treatment. 
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Table 6. Effect of protein and energy intake on the condition 
factor of walleye 
Percent Dietary Protein 
37 44 51 58 
ME^ , kcal/kg (Condition factor) xb 
3310 .836 .837 .842 .840 .839 
3530 .832 .887 .859 .872 .863 
3750 .832 .876 .858 .844 .852 
-c 
X .833 .867 .853 .852 
S.E.M.^  = .017. 
I^nteraction of protein and energy was nonsignificant. 
E^nergy effect was nonsignificant. 
P^rotein effect was nonsignificant. 
S^.E.M. = Standard error of the mean. 
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Table 7. Effect of dietary protein and energy level on muscle RNA 
and DNA concentrations and RNA/DNA ratio of walleye 
% kcal 
DNA® Prot. ME/kg n RNA® RNA/DNA 
37 3310 4 185 12 14.7 
44 3310 4 175 12 13.5 
51 3310 4 195 12 16.4 
58 3310 4 199 13 14.6 
37 3530 4 192 14 13.4 
44 3530 . 4 178 11 15.8 
51 3530 4 210 12 17.4 
58 3530 4 167 11 14.7 
37 3750 4 153 12 12.3 
44 3750 4 210 17 14.5 
51 3750 4 207 12 16.4 
58 3750 4 186 13 13.6 
E^xpressed in ug/10 mg of dry, fat-free muscle. 
72 
Tank Type 
Dietary treatments were blocked by tank type with two replicates of 
each treatment in each tank type. Tank type was included as a source of 
variation in the analysis of variance. The objective of the experimental 
design was not to determine the affect of tank type but to increase the 
number of experimental units and account for an affect of tank type in 
the analysis. 
RNA/DNA Ratios 
The concentrations of RNA and DNA in muscle, liver and other 
tissues, have been used as indicators of short-term and long-term growth 
in fish (Bulow, 1970; Haines, 1973; Buckley, 1979). The concentration of 
DNA in normal somatic cells is constant for a given species (Mirskey and 
Ris, 1951). A change in the quantity of DNA in a given weight of tissue 
is, therefore, thought to represent a change in cell size and number 
(Leslie, 1955). An increase in DNA would represent an increase in cell 
number and a decrease in cell size. RNA functions by organizing amino 
acids for protein synthesis to the specifications determined by the DNA 
of the cell. A tRNA is attached to each amino acid that is to be 
incorporated into a new protein and a mRNA is used as a template for the 
protein to be synthesized (Stryer, 1981). An increase in the rate of 
protein synthesis would necessarily require a concomitant increase in the 
total quantity of RNA in the cell (Brachet, 1955). It was suggested that 
the ratio of RNA to DNA would be a more accurate index of protein 
synthesis than RNA concentration alone, because variations in cell size 
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and number would be accounted for in the ratio (Hotchkiss, 1955). 
In the present trial, there was no effect of dietary treatment on 
the concentration of DNA in the muscle tissue (Table 7). This indicates 
that cell size was not affected by dietary protein or energy content. 
There was an effect of dietary protein (p<.06), but not dietary energy, 
on the RNA concentrations in the tissues. The muscle RNA concentrations 
increased as dietary protein increased up to the 51% protein diet. The 
fish fed the 58% protein diet had lower RNA concentrations (184.5 ug/10 
mg of dry fat-free tissue) than the fish fed the 51% protein diet (204.4 
ug/lOmg of dry fat-free tissue). An interaction of the effects of 
dietary protein and energy on muscle RNA content also occurred (p<.04) 
(Table 8). 
The ratio of RNA to DNA in the muscle was also affected by dietary 
protein (p<.03), but was not affected by dietary energy (Table 7). This 
ratio increased with increasing dietary protein up to 51% dietary 
protein. A further increase in dietary protein resulted in a decrease in 
the RNA/DNA ratio. This quadratic pattern of change was observed for the 
RNA/DNA ratio and weight gain in response to dietary protein. Both 
measurements were maximized with a 51% protein diet. There was a linear 
2 
relationship between RNA/DNA ratio and weight gain (R =.610, p<.01). 
This coefficient indicates that the change in the RNA/DNA ratio was 
related to the change in weight gain. A higher correlation coefficient, 
however, would be necessary if smaller differences in growth rate, based 
on RNA/DNA ratios, were to be detected. 
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Table 8. Main effects of dietary protein and energy level on muscle RNA 
and DNA concentrations and RNA/DNA ratio of walleye 
% Dietary 
protein n RNA® DNA* RNA/DNA 
37 12 177 13.1 13.5 
44 12 188 13.8 14.6 
51 12 204 12.2 16.8 
58 12 184 12.9 14.3 
kcal ME/kg 
3310 16 189 12.8 14.8 
3530 16 187 12.1 15.4 
3750 16 189 14.1 14.2 
S.E.M. 12 1.7 1.2 
Source of 
Variation: Probability of a > F value 
Protein (P) 0.06 NS^  0.03 
Energy (E) NS NS NS 
P X E 0.04 NS NS 
Expressed in ug/10 mg of dry, fat-free muscle. 
N^ot significant. 
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There was an effect of dietary energy content on weight gain during 
the 10 week trial, but no effect of dietary energy on the RNA/DNA was 
observed. During the last two week period (period 5), however, there was 
no effect of dietary energy on weight gain (Table 9). Bulow (1970) 
reported that after 3 days of refeeding, preceded by a 14-day fast, the 
RNA/DNA ratios in golden shiners (Notemigonus crysoleucas) (whole, 
eviscerated fish) had increased to values greater than pre-fast levels, 
demonstrating that RNA/DNA can respond quickly to changes in nutrition. 
In the present experiment, the RNA/DNA ratio might have indicated the 
short-term effect of dietary energy, as reflected by the last periods 
growth rate (Table 10), rather than the long-term effect as reflected by 
the total weight gain during the trial. The reason for the lack of 
growth during the last period of the trial in response to changes in 
dietary energy content is unknown. Possible factors could be a change in 
feed intake as influenced by water quality (i.e., chloramines, pH or a 
variety of polychlorinated compounds) or just a lack of short term 
sensitivity of growth rate to dietary energy content. 
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Table 9. Effect of protein and energy intake on weight gain (%) of 
walleye fingerlings 
Percent Gain^  
% kcal Period^  
Prot. ME/kg n 1 2 3 4 5 
37 3310 4 14.4 24.6 15.9 15.4 18.0 
44 3310 4 15.2 24.5 21.8 19.7 21.6 
51 3310 4 14.0 26.8 19.7 22.4 27.9 
58 3310 4 13.8 25.1 18.2 23.6 21.4 
37 3530 4 14.7 21.6 17.3 16.6 13.3 
44 3530 4 16.9 29.6 21.3 19.4 22.6 
51 3530 4 17.3 29.1 22.9 17.3 27.7 
58 3530 4 17.0 28.3 20.9 18.2 26.1 
37 3750 4 17.0 28.3 20.9 18.2 16.5 
44 3750 4 16.7 21.5 13.2 12.0 19.5 
51 3750 4 17.4 26.9 19.6 16.9 24.4 
58 , 3750 4 14.8 24.0 20.7 17.0 23.3 
Percent gain = weight gain during period/weight at beginning of 
period x 10. 
P^eriod = 2 weeks. 
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Table 10. Main effects of protein and energy intake on weight gain (%) 
of walleye fingerlings 
Percent Gain 
% Dietary Period^  
protein n 1 2 3 4 5 
37 12 15.3 22.6 15.5 20.4 15.9 
44 12 16.8 27.3 20.4 18.7 20.8 
51 12 15.8 27.8 20.7 18.9 26.6 
58 12 15.2 25.8 20.0 19.6 23.6 
kcal ME/kg 
3310 16 14.3 25.3 18.9 20.3 22.2 
3530 16 16.5 27.1 20.6 17.9 22.4 
3750 16 16.4 25.2 17.9 15.8 20.9 
S.E.M. 0.3 2.1 1.7 2.7 1.7 
Source of 
Variation: Probability of a > F value 
Protein (P) 
Energy (E) 
P X E 
NS^  
NS 
NS 
0.01= 
NS 
NS 
0.01= 
0.05= 
NS 
0.03j 
0.02 
NS 
0.01= 
NS 
NS 
"Period = 2 weeks. 
Not significant. 
Q^uadratic response. 
dx • Linear response. 
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SECTION 3. A COMPARISON OF GROWTH RATE, BODY COMPOSITION AND RNA/DNA 
RATIOS OF WALLEYES (STIZOSTEDION VITREUM VITREUM) FED ONE OF 
TWO COMMERCIAL DIETS OR DIETS FORMULATED ON AN AMINO ACID 
MINIMUM, OR PROTEIN MINIMUM BASIS 
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ABSTRACT 
An experiment was conducted to compare the performance of walleyes 
fed one of two commercial diets or one of three experimental diets that 
were formulated on either an amino acid or a protein minimum basis. 
Performance was evaluated on the basis of growth rate, body composition 
and RNA/DNA ratios. The two commercial diets were W16 and the Abernathy 
salmon diet. These two diets were repelleted to match the pellet size 
and density of the experimental diets. WI6 was also fed without being 
repelleted. A diet that contained 50% protein, 3500 kcal ME/kg diet and 
the amino acid profile of the walleye egg (ISU-50) was formulated using 
anchovy meal, wheat midds, synthetic amino acids, dextrin and cod liver 
oil. An iso-nitrogenous, iso-caloric diet (Exp-50) also was formulated 
using the same ingredients except that synthetic amino acids were not 
used, producing a diet with the amino acid profile of anchovy meal and 
wheat midds. A third experimental diet (Exp-60) was formulated on the 
basis of amino acid minimums. The levels of amino acids provided by the 
ISU-50 diet were met by increasing the quantity of anchovy meal in the 
diet, thus resulting in a protein concentration of 60%. 
Eight lots of 6 g. fingerling walleye were assigned to each diet, 
with four lots of fish in each of two tank types. Flow-through 110-1 
tanks were stocked with 30 fish and 18-1 tanks were stocked with 20 fish 
(avg. initial weight 6.3 g.). Tanks were supplied with 3 liters of 21 C 
water per minute. Photoperiod was automatically controlled providing 12 
hours of light (30 lux) and two simulated dawn-dusk periods. Weights and 
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lengths were measured on 10 fish from each tank at the beginning and end 
5 3 
of the 8-week experiment so that condition factors (weight x 10 /length ) 
could be determined. Fish were sampled at the beginning and end of the 
experiment for body composition analysis. Epaxial muscle samples were 
taken from five fish in each tank at the end of the experiment for RNA 
and DNA analysis. The diet treatment means of weight gain, length 
change, condition factor, body composition, and RNA/DNA ratios were 
compared using the least square means option of the general linear models 
procedure (SAS, 1982). Weight gain (% of initial wt.) and length gain 
(mm) were greater (p<.05) for the fish fed the ISU-50 diet (332% and 68 
mm gain) than for the fish fed the Exp-50 diet (294% and 60 mm gain), 
Exp-60 diet (297% and 63 mm gain) or W16 (267% and 57 mm). There were no 
differences in weight or length gain, or condition factor between the 
fish fed W16 and the fish fed the Abernathy diet or the repelleted W16 
(W16R). There was a difference in condition factor (p<.01) between the 
fish fed the ISU-50 diet (0.893) and the W16-fed fish (0.965). No 
difference in condition factor was observed among the fish fed the 
experimental diets. 
The percentage of carcass fat was greater (p<.01) for the ISU-50 
diet fed fish (5.8%) than the Exp-60 diet-fed fish (4.5%), but was 
different from the Exp-50 diet-fed fish (p<.08) (5.1%). The percentage 
of carcass fat was much lower (p<.01), however, for the ISU 50 diet fed 
fish compared to the fish fed the W16 (8.2%) or Abernathy diets (8.2%). 
The percentage of carcass protein was not affected by diet. There was no 
difference in the percentage of carcass ash among the fish fed the 
85 
experimental diets or among the commercial diet-fed fish. There was a 
difference (p<.01) in carcass ash between the ISU-50 diet-fed fish (3.6%) 
and the fish fed W16 (2.9%). 
The concentrations of muscle RNA and the RNA/DNA ratio were greater 
for the fish consuming W16 than the fish consuming the W16R. No other 
treatment differences in RNA or DNA concentration or in RNA/DNA ratios 
were observed. 
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INTRODUCTION 
Walleyes (Stizostedion vitreum vitretim) have been propagated and 
their fry have been used in stocking programs for nearly 100 years 
(Webster, 1978). The culture of fingerling walleyes, with pelleted 
feeds, has a much shorter history. The first reported feeding of 
pelleted feeds to walleyes was in the late 1960s (McCauley, 1970; 
Cheshire and Steele, 1972). "Trout granules" that had been stored for 1 
year were found to be more readily accepted by the fish than "fresh" 
granules (Cheshire and Steele, 1972). Oregon Moist pellets and the 
Abernathy Salmon diet have also been fed to fingerling walleyes resulting 
in acceptable growth rates (Nagel, 1974, 1976). Several National Fish 
Hatcheries (USFWS, Gavins Point, South Dakota; New London, Minnesota; 
Senecaville, Ohio; Valley City, North Dakota) along with State Fish 
Hatcheries and universities, began fingerling culture with formulated 
feeds in the early 1970s (Beyerle, 1975). The Spearfish Fish Technology 
Center (USFWS, Spearfish, South Dakota) formulated a series of diets 
intended for coolwater fish in general and walleyes in particular. The 
so-called W series of diets (W7, 14, 15, 16; Appendix A) have been the 
diets most often recommended by walleye culturists (Nickum, 1978). W16 
is the diet most commonly fed to walleyes in Federal, State and private 
facilities today. There was interest in producing walleyes for direct 
human consumption even before pellet feeding of walleyes began (Nagel, 
1976). The cost involved in rearing a sufficient quantity of minnows for 
feed, however, was prohibitive. A market for walleye fillets did exist 
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in 1978 (Nickxim, 1978), and the harvest of wild populations was not able 
to keep up with the demand. 
Pellet feeding of walleyes offers a possible method by which the 
goal of producing farm-reared walleyes, or large fingerlings for stocking 
purposes (by either government or private hatcheries), can be 
accomplished. The cost of producing walleyes fed the W16 diet, while 
less than the cost of using minnows as feed, is still high. W16 contains 
61% crude protein and 4100 kcal metabolizable energy (ME)/kg of diet 
(energy value calculated by using MEs reported for trout. National 
Resource Council, 1981). Due to the high levels of protein and energy in 
W16, and the small quantities of this diet produced relative to other 
animal feeds, starter granules of W16 cost 50 cents/pound (Glencoe Mills, 
Minn., 1987). Relative to other fish feeds, this diet is expensive and 
is a limitation to large scale, commercial production of the species for 
either aquaculture or fish management purposes. Development of a more 
cost-effective diet will be necessary for walleye production to increase. 
Such a diet should not only cost less, but should provide for faster, 
more efficient weight gain than the diets currently being fed. 
Specifications for a diet (protein, energy and amino acid content), 
that might provide the desired growth rate, body composition and feed 
efficiencies have been developed (Barrows et al., 1987a; Barrows et al., 
1987b). Iso-caloric rations, formulated to contain from 37 to 58% 
protein, with the amino acid profile of the walleye egg, were fed to 25 
g. walleye fingerlings. Maximum weight gain was obtained with a diet 
containing 51% protein. Increasing the percentage of dietary protein to 
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58% did not result in additional weight gain. The effect of dietary 
energy level on the protein requirement was also examined. A quadratic 
response of weight gain to increasing metabolizable energy was observed 
when feeding diets ranging from 3310 to 3750 kcal ME/kg diet (Barrows et 
al., 1987b). Fish that consumed diets containing 3530 kcal ME/kg diet 
gained more weight than fish consuming diets with either higher or lower 
energy levels. This response of weight gain to dietary energy was 
observed regardless of dietary protein level (37, 44, 51, 58% protein). 
Feeding a diet that has the amino acid profile of the walleye egg, and 
contains 50% crude protein and 3500 kcal ME/kg should result in desirable 
growth rates of walleyes while minimizing the overfeeding of protein or 
energy. 
One objective of the present experiment was to compare the growth 
rate, body composition and RNA/DNA ratio of fish fed a semi-purified 
diet, formulated on the basis of the findings of Barrows et al. 
(1987a,b), with that of fish fed either the W16 diet or the Abernathy 
Salmon diet. An evaluation also was made of the basis by which the amino 
acids of a diet were balanced, e.g., amino acid supplementation or 
increasing dietary protein. To this end, the amino acid pattern of 
anchovy meal and wheat midds was compared with that of the unfertilized 
walleye egg. 
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MATERIALS AND METHODS 
Diets 
The compositions of the diets fed in this experiment are listed in 
Table 1. Two commercial diets were tested, including W16 (U.S. Fish and 
Wildlife Service) and the Abernathy Salmon diet. A pellet die of the 
size used to pellet the commercial diets (3 mm) was not available to 
pellet the experimental diets. Thus, the commercial diets were 
repelleted to match the pellet size (5 mm) and density of the 
experimental diets. W16 also was fed in the form that it was received 
from the manufacturer to determine if pellet size or density had an 
effect on the growth rate of the fish. The WI6 diet contained 61% 
protein and 4170 kcal ME/kg (energy content based on reported values for 
rainbow trout, NRC, 1981). The Abernathy diet contained 48% protein and 
3700 kcal ME/kg. The commercial diets were manufactured by Glencoe Mills 
(Glencoe, Minn.). 
The specifications for the ISu—50 diet (protein, energy and amino 
acid profile) were developed on the basis of earlier experiments. The 
ISU-50 diet contained 50% protein (Barrows et al., 1987a) and 3500 kcal 
ME/kg (Barrows et al., 1987b). Synthetic amino acids were supplemented 
to the ISU-50 diet to simulate the amino acid profile of the unfertilized 
walleye egg. This approach to amino acid supplementation was based on 
work done with rainbow trout and Atlantic salmon (Ketola, 1982) and has 
been used in earlier experiments with walleye (Barrows, 1987a,b). Two 
diets were formulated (Exp-50, Exp-60) to evaluate the use of the amino 
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Table 1. Composition of diets 
% Composition 
Ingredient Abernathy W16^  lSU-50 Exp-50 Exp-60 
Herring meal 55.00 50.00 — —— 
Anchovy meal — 66.32 74.10 93.77 
Blood meal 5.00 20.00 ——— —— 
Shrimp meal 5.00 5.00 ——— 
Brewers yeast 5.00 — —— — 
Soy flour 10.00 —— —— 
Wheat midds — 8.76 9.30 — 
Wheat flour 5.00 —— 
Whey 10.00 —— — — 
Herring oil 11.00 12.00 —— — 
Cod liver oil — 7.02 5.37 3.00 
Dextrin  ^ 8.00 8.00 ——* 
Amino acid premix 6.67 
Vitamin premix^ 1.28 0.60 0.60 0.60 0.60 
Mineral premix 0.05 0.03 0.03 0.03 0.03 
Ascorbic acid 0.10 0.13 0.15 0.15 0.15 
Choline chloride 0.70 0.24 0.45 0.45 0.45 
Binder 2.50 2.00 2.00 2.00 2.00 
100.00 100.00 100.00 100.00 100.00 
Proximate Composition 
Crude protein, % 48.0 61.1 50.0 50.0 61.0 
Metabolizable energy 
kcal/kg 3700 4176 3500 3500 3690 
^Composition applies to W16 and W16R. 
Contained as a percentage of the premix: arginine, 4.35; 
histidine, 5.41; isoleucine, 16.79; leucine, 11.69; lysine, 9.74; 
methionine, 5.40; phenylalanine, 16.04; threonine, 11.24; tryptophan, 
1.35; valine, 17.99. 
C^ontributed per kg of diet; vit. A, 10000 lU; vit. D3, 720 lU; 
vit. E, 530 lU; vit. B12, 30 ug; calcium pantothenate, 160 mg: 
riboflavin, 80 mg: thiamin mononitrate, 50 mg; pyridoxine hydrochloride, 
45mg; folacin, 13 mg; menadione sodium bisulfate, 25 mg; biotin, 1 mg; 
niacig, 330 mg. 
Contributed in mg/kg diet: zinc, 100; manganese, 70; iron, 3; 
copper, 2; iodine, 1 mg. 
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acid profile of the egg as a basis for supplementation. The Exp-50 diet 
(Table 1) was formulated to contain the same protein and energy levels of 
the ISU-50 diet, but no synthetic amino acids were used. The amino acid 
pattern of this diet, therefore, was that of a combination of anchovy 
meal and wheat midds. The Exp-60 diet was formulated to have the same 
amino acid minimums of the ISU-50 diet regardless of the protein content. 
A protein level of 60% was necessary to meet most of the amino acid 
minimums. The threonine, isoleucine and valine levels of the walleye egg 
could not be met by using only anchovy meal as the protein source (ISU-50 
diet, 2.60% threonine, 3.20% isoleucine, 3.55% valine; Exp-60 diet, 2.50% 
threonine, 2.81% isoleucine, 3.17% valine) even with a 60% protein level. 
Feeding and Cultural Practices 
The fish were obtained from the Rathbun Hatchery (Iowa Department of 
Natural Resources) and converted to formulated feed at a weight of 
approximately 0.5 g. The .fish were fed W16 from the time of conversion 
from live food to formulated feeds until the time of the experiment. Two 
sizes of tanks were used. One hundred thirty-liter tanks were stocked 
with 30 fish each and 18-1 cylindrical tanks were stocked with 20 fish 
each. Treatments were blocked by tank type, providing four tanks of fish 
per diet per tank type. Average fish weight at the start of the 
experiment was 6.3 g. 
City water (pH 9.3) was dechlorinated by activated carbon filters, 
heated to 21°C and degassed before it entered the rearing tanks. 
Lighting was limited to 30 lux during the day and 6 lux at night, with 
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two simulated dawn-dusk periods. Tanks were cleaned daily by siphoning 
to remove excess feed and feces and were scrubbed on the days fish were 
weighed. Walleye are excitable, and growth rates seem to decrease when 
the fish are hand fed. Consequently, automatic feeders were used. Feed 
was dispensed between 1800—2300 and 200—700 hours. The amount of feed 
offered was calculated as a percentage of body weight basis, with the 
actual amount given always exceeding that required. The diets were fed 
for a 2-week adjustment period, prior to the start of the 8-week 
experimental feeding period. Feed consumption, expressed as a percentage 
of body weight, decreased as the fish increased in size. The amount of 
feed offered was decreased from 10% body weight at the beginning of the 
experiment to 8% at the end of the trial. 
Data 
Fish in each tank were weighed as a group every 2 weeks. Individual 
length and weight of ten fish from each tank were measured at the 
beginning and end of the experiment so that condition factor (weight x 
5 3 10 /length ) could be calculated. Fish were sampled at the beginning and 
end of the experiment for the determination of body composition. 
Moisture content was determined by weight loss after freeze drying and 
protein was determined by the microkjeldahl procedure (ADAC, 1975). Ash 
was determined as the residue remaining after oxidation of the sample at 
550 C for 24 hours. A correlation coefficient of 0.938 was observed 
between the percentage carcass fat determined by ether extraction and 
carcass fat determined by subtracting the sum of carcass protein. 
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moisture and ash from 100 (Barrows et al., 1987a). The difference method 
was, therefore, used in this study to determine carcass fat content. 
Five fish from each tank were killed at the end of the experiment 
for analysis of muscle RNÀ and DNÀ concentrations. The fish were 
decapitated, eviscerated and frozen within 90 minutes after death (Bulow 
et al., 1981). The carcasses were skinned and samples were taken while 
frozen. Approximately 1 g. sample of muscle was taken from the 
midsection of the fish above the lateral line and below the dorsal fin. 
One sample was taken from each side of each fish. The ten samples from 
each tank were pooled and prepared for nucleic acid extraction. A 
chloroform:methanol, ether procedure was used to extract the lipids and 
moisture from the tissue as described by Bulow (1970). The nucleic acids 
were then extracted from 50 mg of dry, fat free muscle tissue and the RNA 
content of the extract was determined using the orcinol reaction and DNA 
concentrations were determined using the diphenylamine reaction (Schrader 
and O'Mally, 1980). 
Statistical Analysis 
The means of weight gain, length change, body composition and 
RNA/DNA ratios were compared using single degree of freedom, orthogonal 
contrasts (SAS, 1982). The least square means option of the general 
linear models procedure was used to detect differences among diets. 
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RESULTS AND DISCUSSION 
Weight Gain 
The overall growth rate of the fish in this experiment was in the 
range expected for walleyes with an average weight of 15 g. reared under 
the conditions of this laboratory (240 to 330% of initial weight) (Table 
2). The fish consuming the ISU-50 diet gained more weight than the fish 
fed the Exp-50 diet (p<.04). This suggests that the amino acid profile 
of the walleye egg could be a better basis for balancing walleye diets 
than the amino acid profile of anchovy meal. Similar results have been 
reported for Atlantic salmon and rainbow trout (Ketola, 1982). Atlantic 
salmon fry were fed one of four, 40% protein diets, that were balanced to 
match the amino acid pattern of either salmon eggs, salmon carcass, fish 
protein concentrate or NRC requirements for salmon (Ketola, 1982). The 
fish fed the diet with the amino acid profile of salmon eggs had greater 
survival and growth rates than fish fed a diet balanced on any of the 
other criteria. 
The growth rate of walleyes in the present experiment was improved 
by synthetic amino acid supplementation, indicating that walleye, a 
coolwater fish, is more like coldwater fish (i.e., salmonids) than 
warmwater fish (i.e., catfish) in respect to their ability to utilize 
synthetic amino acids. Carp (Aoe et al., 1970) and channel catfish 
(Andrews and Page, 1974; Andrews et al., 1977) were reported to have 
reduced growth rates when fed semi-purified diets containing synthetic 
amino acids. It was later demonstrated that adjusting the pH of the diet 
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Table 2. The effect of diet on weight gain, length change and condition 
factor of fingerling walleye 
ISU-50 Exp-50 Exp-60 Aber. W16 W16R S.E.M. 
Gain, (%) 332 294 297 264 267 242 11.8 
Length gain. mm 68 60 63 58 57 56 1.3 
K factor^  0.893 0.887 0.877 0.986 0.965 0. 965 .0010 
Orthogonal Comparisons; Probability of > F value 
ISU-50 
vs. Exp-50 
ISU-50 ISU-50 
vs. Exp-60 vs. W16 
Aber. 
vs. W16R 
W16 
vs. W16R 
Weight 
gain, (%) 0.04 0.06 0.01 NS^ NS^ 
Length 
gain, mm 0.01 0.01 0.01 NS NS 
K Factor NS NS 0.01 NS NS 
 ^factor = weight(10^)/length^ . 
N^ot significant. 
S<0.14. 
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with the addition of 6 N NaOH, after mixing and before pelleting, 
resulted in an improved utilization of the synthetic amino acids 
(catfish, Wilson et al., 1977; carp. Nose et al., 1974). Several species 
of salmonids have been fed test diets, without dietary pH adjustment, and 
they seemed to utilize the synthetic amino acids effectively (Halver, 
1957; Nose, 1971; Rumsey and Ketola, 1975; Dabrowska and Wojno, 1977). 
The ISU-50 diet in the present experiment contained a level of 6.67% of a 
synthetic amino acid mixture. The pH of the diet was not adjusted and 
the fish consuming it grew faster than the fish consuming the Exp-50 
diet. This difference in growth rate indicates a benefit of synthetic 
amino supplementation for walleyes, based on the pattern of the egg, 
similar to that observed with coldwater fish. 
There was a difference in weight gain (p<.06) between the fish fed 
the ISU-50 diet and those fed the Exp-60 diet (Table 2). In formulating 
the Exp-60 diet, the quantity of anchovy meal included was increased to 
attain the amino acid minimums of the ISU-50 diet. This resulted in an 
increase in protein content of the diet to 60%. It was not possible to 
match all of the amino acid minimums of the ISU-50 diet (the walleye egg 
profile at 50% protein) using only anchovy meal as the amino acid source. 
Consequently, the levels of isoleucine, valine, and threonine were less 
in the Exp-60 diet than in the ISU-50 diet. The difference in growth of 
the fish fed the Exp-60 diet and those fed the ISU-50 diet, could be 
because of differences in the relative proportions of the amino acids in 
each of the two diets, with a possible imbalance occurring in the Exp-60 
diet. 
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The fish consuming the ISU-50 diet gained more weight (p<.01) than 
those fed W16R; however, there was no difference in gain between the fish 
fed W16R and those fed Abernathy. The two commercial diets differ 
considerably in protein and energy content (48% protein and 3700 kcal 
ME/kg in Abernathy and 61% protein and 4100 kcal ME/kg in W16). No 
difference in growth rate was observed between the fish consuming these 
two diets. 
A numerical difference in weight gain between the fish fed W16 and 
WIS that had been repelleted (W16R) was observed, but the difference was 
significant only at the 0.14 probability level. W16 was repelleted to 
determine if pellet size or density (hardness) had an effect on the 
growth rate of the fish. The effect of the pelleting process on the 
nutrient content of the diet was assumed to be negligible under the 
conditions that were used (160°C maximum temperature). This may not have 
been a valid assumption, and the repelleting process might have adversely 
affected the W16R diet and the Abernathy diet. The growth rate of the 
fish fed W16R or Abernathy during the adjustment period, and during the 
first two week period, was greater than the growth rate of the fish fed 
wiô (Table 3). Growth rate then diminished for the Abernathy- and W16R-
fed fish during the remainder of the trial. 
Mortality occurred during the fourth period for the Abernathy fed 
fish. These fish, and some of the fish consuming W16R, exhibited signs 
of an ascorbic acid deficiency (NRC, 1981). Hemorrhagic exopthalmia, 
reduced appetite and a breaking of the cartilage between the lower jaw 
and isthmus, as well as reduced growth rate, were the symptoms observed. 
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Table 3. Effect of diet on weight gain (%) of walleye fingerlings 
Percent gain 
Diet Period^ 
Adjustment 1 2 3 4 
ISU-50 23.8 48.0 57.8 41.3 23.1 
Exp-50 22.4 40.5 51.9 37.3 34.7 
Exp-60 20.9 42.5 55.4 37.4 30.9 
Abernathy 41.2 53.9 47.9 25.7 27.7 
W16 36.7 47.1 48.6 31.3 31.2 
W16R 41.3 52.2 43.5 27.3 28.1 
S.E.M. 1.8 2.4 1.8 1.8 1.6 
Orthogonal Comparisons • Probability of > F value 
Period 
Comparison Adj ustment 1 2 3 4 
ISU-50 vs. Exp-50 NS^  0.04 0.01 NS NS 
ISU-50 vs. Exp-60 NS NS NS NS NS 
ISU-50 vs. W16 0.01 NS 0.01 0.01 NS 
Abernathy vs. W16R NS NS. NS NS. NS 
WI6 vs. W16R 0.19 NS 0.06 NS 0.04 
^Two weeks. 
N^ot significant. 
P^robability of a greater F value = 0.13. 
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These symptoms have been observed in walleye before, and direct 
supplementation of the diet with ascorbic acid alleviated the problem in 
earlier tests (F. T. Barrows, unpublished results). After the trial was 
completed, these fish were fed the WI6 diet and the deficiency signs 
disappeared. Seemingly, the test of the effect of pellet size and 
density (W16 vs. W16R) was confounded by a reduction in the ascorbic acid 
content of the repelleted diet (W16R). 
A comparison of the performance of the fish fed the ISU-50 diet to 
that of fish fed the W16R was confounded by an apparent vitamin C 
deficiency. Similarly, the comparison of the performance of the fish fed 
the ISU-50 diet with that of the fish fed W16 was confounded but for a 
different reason. In this instance, pellet size and density differed 
between the two diets. Although pellet size or density have not been 
shown to effect growth rate, it would have been beneficial to test for 
the effect of these factors. Because of the adverse affect that 
repelleting had on the commercial diets, however, the differences in 
pellet characteristics were considered to be negligible. Given this 
assumption, a comparison between the fish fed W16 and the ISU-50 diet 
would then be appropriate (Table 2). 
Length 
There was an effect of diet on length gain (mm) during the 8-week 
trial (Table 2). The fish fed the ISU—50 diet gained 68 mm as compared 
with a 60 mm gain for the Exp-50 diet fed fish (p<.01). The fish 
consuming the Exp-60 diet gained 63 mm, but this was significantly less 
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than the gain of fish fed the ISU-50 diet (p<.01). 
Length gain for the fish fed the commercial diets, whether 
repelleted or not, was not different (Table 2). The Abernathy-fed fish 
gained 58 mm, and the W16- and W16R-fed fish gained 57 and 56 mm, 
respectively. 
There was a difference (p<.01) between the fish fed the ISU-50 diet 
and the those fish fed W16. Greater length gains were observed for the 
ISU-50 diet fed fish (68 mm) as compared with the W16 fed fish (58 mm). 
Body Composition 
The percentage of moisture, protein, fat and ash in the carcasses at 
the end of the trial are listed in Table 4. Body composition was more 
variable between the experimental and the commercial diets than within 
either of the two groups. The fish consuming the ISU-50 diet had a lower 
percentage (p<.04) of carcass moisture than the Exp-50-fed fish (73.3% 
vs. 74.2%, respectively). Also, there was a difference (p<.04) in 
moisture content between the Exp-60 diet—fed fish (74.2% moisture) and 
the ISU—50 diet-fed fish. The fish consuming the commercial diets had a 
lower percentage of moisture than those fish fed the experimental diets. 
The W16 fed fish had 71.7% carcass moisture, which was lower (p<.01) than 
the moisture content of the ISU-50 diet-fed fish (73.3%). There was no 
difference in carcass moisture content between the fish fed W16 and the 
fish fed either Abernathy (71.9%) or W16R (71.4%). 
The percentage of carcass protein was similar for the fish consuming 
any of the diets except for the Abernathy diet (Table 4). There was no 
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Table 4. The effect of diet on body composition and the composition of 
weight gained 
Percent Composition Grams Gained 
Diet Moist. Prot. Fat Ash Moist. Prot. Fat Ash 
ISU-50 73.3 17.3 5.8 3.6 14.1 3.3 1.1 0.7 
Exp-50 74.2 17.2 5.1 3.4 12.7 2.9 0.9 0.6 
Exp-60 74.2 17.7 4.5 3.5 12.9 3.1 0.8 0.6 
Abernathy 71.9 16.5 8.2 3.3 12.4 2.8 1.4 0.6 
W16 71.7 17.2 8.2 2.9 12.5 3.0 1.4 0.5 
W16R 71.4 17.1 8.6 2.8 10.9 2.6 1.3 0.4 
S.E.M. 0.3 0.2 0.2 0.1 0.5 0.1 0.1 0.1 
Orthogonal Comparisons; Probability of > F value 
% ISU-50 ISU-50 ISU-50 Abernathy 
Comp. vs. Exp-50 vs. Exp-60 vs. W16 vs. W16R W16 vs. W16R 
Moisture 0.04 0.04 
Protein NS NS 
Fat 0.08 0.01 
Ash 0.08 NS 
Grams 
Gained 
Moisture 0.08 NS 
Protein 0.05 NS 
Fat 0.01 0.01 
Ash 0.01 0.05 
0.01 NS^  NS 
NS 0.05 NS 
0.01 NS NS 
0.01 0.01 NS 
0.05 0.08 0.08 
0.09 NS 0.09 
0.01 NS NS 
0.01 0.01 0.05 
^ot significant. 
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difference in percentage carcass protein for the fish fed the ISU—50 diet 
(17.3%) as compared with fish fed either the Exp-50 diet (17.2%) or the 
Exp-60 diet (17.7%). The percentage of carcass protein was also not 
different between the fish fed W16 (17.2%) and those fish fed the ISU-50 
diet. There was a difference (p<.05), however, in the percentage of 
carcass protein between the Abernathy-fed fish and the W16R-fed fish. 
The Abernathy-fed fish had only 16.5% carcass protein as compared to 
17.1% protein for the W16R-fed fish. No difference in carcass protein 
content was observed between the fish fed the W16 diets (17.2% for W16 as 
compared to 17.1% for W16R). 
There was considerable effect of diet treatment on the percentage of 
carcass fat (Table 4). The fish consuming the ISU-50 diet had a higher 
percentage of carcass fat (5.8%) than either the Exp-50 diet-fed fish 
(p<.08, 5.1% carcass fat) or the Exp-60 diet-fed fish (p<.01, 4.5% 
carcass fat). The fish consuming the commercial diets, however, had much 
higher carcass fat levels than the fish fed the ISU-50 diet. The W16-fed 
fish had 8.2% carcass fat as compared with 5.8% fat for the fish fed the 
ISU-50 diet (p<.01). No difference in carcass fat was observed between 
the fish fed Wlo and those fish fed wloR (8.6%) or the Abernathy diet 
(8 .2%).  
The percentages of carcass ash are listed in Table 4. Carcass ash 
was greater (p<.08) for the fish fed the ISU-50 diet (3.6%) than for the 
fish consuming the Exp-50 diet (3.4%). No difference in carcass ash was 
observed between the fish consuming the ISU-50 diet or the Exp-60 diet 
(3.5%). Carcass ash level was greater (p<.01) for the ISU-50-diet fed 
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fish than for the W16R-fed fish (2.8%). Carcass ash percentage was also 
greater (p<.01) for the Abernathy-fed fish as compared with the fish fed 
W16R. No difference in carcass ash was observed between the fish fed 
W16R or W16 (2.9%). 
Composition of Weight Gained 
Rate of gain is important when evaluating fish response to various 
diets, but the quantitative composition of that gain is equally 
important. By combining the grams of weight gained and the percentage 
carcass composition data of the fish, the quantitative composition of the 
weight gained was calculated. 
The percentage of carcass protein of the fish fed either the ISU-50 
diet or Exp-50 diet was not different, but the ISU-50 diet fed fish 
gained more grams of protein (3.3 g.) than the Exp-50 diet fed fish (2.9 
g., p<.05). These diets contained the same level of protein (50%), yet 
the grams of body protein gained were different. This suggests that the 
fish consuming the ISU-50 diet, might have used the dietary protein more 
efficiently than the fish consuming the Exp-50 diet, but this can not be 
confirmed because feed consumption data could not be obtained. It is 
possible that the feed intake of the ISU-50 diet fed fish, was greater 
than the intake of the Exp-50 diet fed fish which resulted in more 
protein ingested and more protein deposited. Dietary protein utilization 
then could have been similar for the fish consuming either diet. 
However, a protein source with an amino acid profile similar to that of 
the protein being deposited, would probably be utilized more efficiently 
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than a protein with an amino acid pattern different from that of the 
target tissue. It could then be inferred that the levels of amino acids 
provided by the ISU-50 diet were probably closer to the amino acid 
requirements of walleyes than the levels of amino acids provided by the 
Exp-50 diet. The difference in protein gain between the fish fed the 
ISU-50 diet and the Exp-50 diet indicates that the use of the amino acid 
profile of the walleye egg as a basis for amino acid supplementation of 
walleye diets (relative to the amino acid pattern of anchovy meal and 
wheat midds) may be of advantage. 
The fish consuming the ISU-50 diet gained more grams of moisture, 
fat and ash than the fish fed the Exp-50 diet (Table 4). The ISU-50 diet 
fed fish gained 1.1 g. of fat and 0.7 g. of ash, as compared with a gain 
of 0.9 g. of fat and 0.6 g. of ash for the fish consuming the Exp-50 
diet. 
No difference in the grams of moisture or protein gained was 
observed between the fish consuming the ISU-50 diet or the Exp-60 diet. 
There was a difference (p<.05), however, in the grams of fat and ash 
gained between the fish fed these two diets. The ISU-50 diet-fed fish 
gained 1.1 grams of fat and 0.7 grams of ash, as compared with a gain of 
0.8 g of fat and 0.6 g. of ash by the Exp-60 diet fed fish. The ISU-50 
diet-fed fish also had a greater percentage of carcass fat, as well as a 
more grams of fat gained, as compared with the Exp-60 fed fish. 
The quantitative composition of weight gained, between the fish fed 
W16 and those fish fed the ISU-50 diet was different, for all carcass 
components (moisture, fat, protein and ash. Table 4). Even on a 
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percentage basis, the carcass composition of the fish fed W16 or the ISU-
50 diet was very different, except in the instance of carcass protein. 
Because of the greater weight gain of the fish consuming the ISU-50 diet, 
as compared with the fish fed W16, the amount of protein gained by the 
fish consuming the ISU-50 diet was also much greater (p<.09). The ISU-50 
diet-fed fish gained more grams of protein, moisture (p<.05) and ash 
(p<.01) than the WIS fed fish, but had a lower percentage of carcass fat 
than the W16 fed fish. 
The fat, protein and moisture content of the weight gained by the 
fish that consumed the Abernathy diet or W16 were not different (Table 
4). However, the Abernathy fed fish gained 0.6 g. of ash compared to a 
gain of 0.4 g. of ash by the fish fed W16R (p<.01). 
Repelleting W16 reduced overall growth rate of the W16R-fed fish 
(p<.14), seemingly by reducing the ascorbic acid content of the diet. 
Consequently, the grams of moisture protein, fat and ash gained were also 
influenced (Table 4). The fish fed WI6 gained more grams of protein 
(p<.09), moisture (p<.08) and ash (p<.05) than the fish fed W16R. A 
reduction in feed consumption is usually associated with an ascorbic acid 
deficiency, which in turn would result in less weight gain (NRC, I98i). 
Condition Factor 
The trend observed in carcass composition was also observed with 
condition factor. There was more variation in condition factor between 
the experimental diets and the commercial diets than within either of the 
groups (Table 2). There was no difference in condition factor among the 
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fish fed the ISU-50 diet, the Exp-50 diet or the Exp-60 diet. There were 
also no differences in condition factor among the fish fed W16, W16R or 
Abernathy. 
The ISU-50 diet-fed fish were longer and gained more weight than the 
fish fed W16, but the W16-fed fish had a greater condition factor. The 
W16-fed fish were heavier for their length than the ISU-50 diet fed fish. 
Condition factor has been used in field and laboratory studies to 
describe the condition, degree of plumpness, or well being of fish 
(Carlander, 1977). Condition factor is an expression of body shape and 
can be influenced by age, gender, time of year and other factors (Ricker, 
1975). The amount of body fat could also affect the condition factor. 
This seemed to be the case in the present experiment. The W16-fed fish 
had a greater condition factor (p<.01) and a higher percentage of body 
fat (p<.01) than the fish fed the ISU-50 diet. There was a difference, 
however, in percentage body fat between the fish fed the ISU-50 diet 
(5.8%) and the fish fed the Exp-60 diet (4.5%), but no difference in 
condition factor was detected between these groups of fish. These 
results suggest that condition factor can be used to detect large 
differences in body fat content, but is not as sensitive as direct fat 
content determination. A greater condition factor does not necessarily 
indicate a potential for faster growth. For example, the fish consuming 
the ISU-50 diet were growing faster than the fish fed W16, but had a 
lower condition factor. 
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Mortality 
The death of all the fish in 3 tanks occurred due to a water supply 
failure. No other mortality occurred. The number of tanks receiving the 
ISU-50, Exp-50 and the Exp-60 diet was reduced to 7 tanks per diet. The 
difference in the number of replicates per diet was accounted for by 
analyzing the data as an unbalanced design. 
Tank Type 
Dietary treatments were blocked by tank type with 4 replicates of 
each treatment in each tank type. Tank type was included as a source of 
variation in the analysis of variance. The objective of the experimental 
design was not to determine the affect of tank type but to increase the 
number of experimental units and account for an affect of tank type in 
the analysis. 
Nucleic Acid Concentrations 
There was no effect of diet on the concentration of DNA in the 
epaxial muscle of the walleye (Table 5). Muscle DNA concentration is 
thought to reflect cell size or number per given unit of tissue (Leslie, 
1955). Dietary treatment in the present experiment, therefore, did not 
affect the cell size or number in walleye muscle tissue. There was an 
effect of diet on muscle RNA concentrations. The fish consuming W16 that 
had been repelleted had lower muscle RNA concentrations (p<.06) than the 
fish fed W16 (Table 5). 
The ratio of RNA/DNA is thought to be a more accurate index of 
growth rate than RNA concentrations alone, because differences in cell 
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size and number are accounted for with the ratio (Hotchkiss, 1955). The 
fish fed W16 had greater (p<.09) RNA/DNA ratios (47.8) than the fish fed 
W16R (36.1). The difference in RNA/DNA ratios is probably a reflection 
of the greater weight gains of the W16 fed fish during the last period of 
the trial as compared with the W16R fed fish (Table 3). No differences 
in weight gains (p>.10) among the fish fed the other diets were observed 
during the last period of the trial. The lack of differences in the 
RNA/DNA ratio among the fish fed the other diets was, therefore, 
expected. The RNA/DNA ratio seems to be useful as an indicator of short-
term growth rates (i.e., 2-week periods), but seems not to be indicative 
of longer-term growth (i.e., 8 weeks). 
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Table 5. The effect of diet on RNA and DM concentrations and RNA/DNA 
ratio in white muscle tissue of walleye 
Diet RNA^  DNA® RNA/DNA 
ISU-50 384 8.2 47.5 
Exp-:50 397 9.0 45.1 
Exp-60 375 9.5 40.9 
Abernathy 361 8.9 42.2 
W16 408 8.6 47.8 
W16R 327 9.2 36.1 
S.E.M. 29 0.5 4.7 
Orthogonal Comparisons; Probability of > F value 
% ISU-50 ISU-50 ISU-50 Abernathy W16 
Comp. vs. Exp-50 vs. Exp-60 vs. W16 vs. W16R vs. W16R 
RNA NS NS NS NS 0.06 
DNA NS NS NS NS NS 
RNA/DNA NS NS NS NS 0.09 
Expressed in ug/lO mg of dry, fat-free muscle. 
V. 
Not significant. 
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GENERAL SUMMARY 
A series of experiments were conducted to achieve the following 
objectives: (1) determine the protein requirement of two sizes of 
fingerling walleyes; (2) determine the effect of varying levels of 
dietary protein and energy on weight gain and body composition; (3) 
compare the performance of walleyes fed a diet of the specifications 
determined in objectives 1 and 2, with that of walleyes fed commercially 
available diets. 
The protein requirement was determined for two sizes of walleyes. 
In experiment 1 (section 1), 8-gram walleyes were fed one of six diets 
that ranged in protein content from 37 to 57%. Weight gain increased 
quadratically with increased dietary protein to a breakpoint at 50% 
protein. Further increases in dietary protein content did not result in 
additional weight gain. Dietary protein had a linear (p<.05) effect on 
carcass moisture, ash and fat content. Percent carcass moisture 
increased as dietary protein increased. The carcass fat and ash concent 
decreased as dietary protein increased. Percent carcass protein was not 
affected by dietary protein. The gain of carcass protein, ash and 
moisture increased linearly and carcass fat increased quadratically with 
increased dietary protein. Maximum fat gain occurred at 49% dietary 
protein. Based on these data, the protein requirement for 8-gram walleye 
would be approximately 50% when using a protein source with an amino acid 
pattern similar to that of the unfertilized walleye egg. 
In experiment two (section 1), 50-gram walleyes were fed one of six 
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diets that contained from 32 to 52% dietary protein. Weight gain 
increased quadratically with increasing dietary protein and was predicted 
to maximize with a 42% protein diet. Dietary protein had a similar 
effect on carcass composition characteristics as observed in experiment 
one. The percent of carcass fat decreased, and percent carcass moisture 
increased as dietary protein increased. The percent of carcass protein 
and ash and the carcass protein gain were not affected by dietary 
protein. The gain of carcass ash and moisture increased linearly and 
carcass fat quadratically with increased dietary protein. Maximum fat 
gain was predicted by the quadratic equation to occur at 42% dietary 
2 
protein (fat gain = -20.91 + 1.26 (% protein) - 0.015 (% protein) ). 
Length of the fish was not affected by dietary protein, but the condition 
5 3 factor (weight x 10 /length ) was optimized at 43% dietary protein. 
These data suggest that the protein requirement for 50-gram walleye would 
be approximately 42% when using a protein source with an amino acid 
pattern similar to that of the unfertilized walleye egg. 
The results of the experiment in section 2 demonstrated an effect of 
both dietary energy and protein on weight gain, length gain and carcass 
composition. Weight gain and length gain of 16-gram walleyes responded 
quadratically to dietary protein and energy (p<.05). Increasing the 
dietary energy content from 3310 kcal ME/kg diet to 3530 kcal ME/kg diet 
(with 51% protein) resulted in increased weight gain, while a further 
increase in dietary energy to 3750 kcal ME/kg diet resulted in less 
weight gain. Carcass analysis showed an effect of dietary protein on the 
percent of moisture, ash, fat and protein (p<.05) and an effect of 
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dietary energy on percentage of carcass moisture, fat (p<.01) and ash 
(p<.08). There was a quadratic response of carcass moisture, ash, fat 
and protein gained (p<.05) to dietary protein and energy. No interaction 
effects of dietary protein and energy were observed on any measurements. 
Condition factor was not affected by dietary protein or energy. Dietary 
protein affected (p<.01) the ratio of RNA/DNÂ in the epaxial muscle of 
the walleye. The RNA/DNA ratio increased as dietary protein increased up 
to 51%. Feeding a 58% protein diet resulted in a lower RNA/DNA ratio. 
Dietary energy did not affect the RNA/DNA ratio. These data indicate 
that maximum weight gains of 24-gram walleye could be expected by feeding 
a diet that contains 3530 kcal ME/kg and 51% dietary protein having the 
amino acid profile of the unfertilized walleye egg. 
The final experiment (section 3) demonstrated that the diet 
specifications developed in sections 1 and 2, supported faster growth, 
greater carcass protein gain, less carcass fat gain and greater length 
gain than two commercially available diets commonly fed to walleyes (W16 
and Abernathy diet). Also, diecs formulated to simulate the amino acid 
pattern of the unfertilized walleye egg supported faster weight and 
length gain than diets with the amino acid profile of fish meal. 
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APPENDIX A. COMPOSITION OF W SERIES DIETS 
% Composition 
Ingredient ¥7 W14 W15 W16 
Herring meal 50.0 50.0 50.0 50.0 
Blood meal 5.0 10.0 10.0 20.0 
Shrimp meal — 5.0 5.0 5.0 
Brewers yeast 5.0 — — — 
Soy flour 10.0 23.0 20.0 10.0 
Fish solubles 10.0 — — 
Herring oil 9.0 9.0 12.0 12.0 
Vitamin premix^  
Mineral premix 
0.60 0.60 0.60 0.60 
0.03 0.03 0.03 0.03 
Ascorbic acid 0.13 0.13 0.13 0.13 
Choline chloride 0.24 0.24 0.24 0.24 
Carboxy methylcellulose 2.00 2.00 2.00 2.00 
100.0 100.0 100.0 100.0 
Proximate Composition 
Crude protein, % 61.1 58.2 56.8 61.1 
Metabolizable energy 
kcal/kg 4176 3944 4122 4176 
C^ontributed per kg of diet; vit. A, 10000 lU; vit. 03, 720 lU; 
vit. E, 530 lU; vit. B12, 30 ug; calcium pantothenate, 160 mg: 
riboflavin, 80 mg; thiamin mononitrate, 50 mg; pyridoxins hydrochloride, 
45mg; folacin, 13 mg; menadione sodium bisulfate, 25 mg; biotin, 1 mg; 
niacin, 330 mg. 
C^ontributed in mg/kg diet: zinc, 100; manganese, 70; iron, 3; 
copper, 2; iodine 1 mg. 
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APPENDIX B. SPECTROPHOTOMETRIC PROCEDURE FOR RIBONUCLEIC ACID 
AND DEOXYRIBONUCLEIC ACID DETERMINATION 
Preparation of Muscle Tissue Samples for RNA and DNA Analysis 
In this procedure, muscle samples from five fish in each 
experimental unit were pooled, defatted and dried by a chloroform: 
methanol and ether extraction procedure. The samples were placed in a 
2:1 mixture of chloroform and methanol and agitated periodically for a 
12-hour period. The solvent was changed after 12 and 24 hours. After 
three changes of the chloroform:methanol mixture, the samples were 
extracted with ether for 24 hours (Bulow, 1970). The ether was then 
decanted and the samples were air-dried for 24 hours. The samples were 
ground (Brinkman centrifugal grinder. Des Plaines, Illinois) to pass 
through a 0.5 mm screen. The dried, ground, fat-free samples were stored 
in plastic bags for subsequent nucleic acid analysis. 
Nucleic Acid Extraction 
This procedure was modified from that of Schrader and O'Malley 
(1981). A 50-mg. sample of dry, fat-free tissue was weighed into 3 ml. 
ultra-centrifuge tubes. A buffer (SET) was prepared by adding 8.52 grams 
of sucrose, 74.4 mg of Na EDTA and 316 mg of Tris HCl to a lOO-ml 
volumetric flask and filling to volume with distilled, deionized water. 
1.4 ml of ice cold SET buffer (pH 7.4) and 150 ul of ice cold 4.4 M 
perchloric acid were added to the sample tubes. The tubes were vortexed 
gently and placed on ice for 30 minutes. A swinging bucket centrifuge 
rotor was used at 10,000 x G for 10 minutes to pellet the protein portion 
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of the sample. The supernatant was decanted and discarded. The pellet 
was resuspended in 0.8 ml of ice cold 0.4 M perchloric acid. Following 
30 minutes on ice, the tubes were placed in a boiling water bath for 30 
minutes. The samples were cooled on ice for 10 minutes and centrifuged 
at 10,000 X G for 15 minutes. The supernatant was decanted and either 
used for RNA or DNA analysis, or stored frozen until needed. 
DNA Assay 
This procedure was modified from that of Schrader and O'Malley 
(1981). One hundred fifty ul of nucleic acid extract, and 25, 50 ,75, 
100, 150 and 200 ul of DNA standard were pipetted into separate glass 
culture tubes. The volume of each tube was brought to 1.0 ml by adding 
0.4 M perchloric acid (PCA) (i.e., 850 ul of PGA added to each sample 
tube). Reagent A was prepared by adding 1.5 ml of concentrated H^ SO^ , 
0.5 ml of acetaldehyde solution (16 mg/ml) and 1.5 g. of diphenylamine to 
100 ml of glacial acetic acid. This reagent was prepared fresh each time 
before use. Two ml of reagent A were added to each tube. The tubes were 
covered and stored at room temperature, in a dark place for 14 hours for 
color development. Absorbance of the samples was determined using a 
Gilford 2600 Spectrophotometer (Oberlin, Ohio) at a wavelength of 600 nm. 
RNA Assay 
This procedure was modified from that of Schrader and O'Malley 
(1981). Fifty ul of nucleic acid extract were placed in glass culture 
tubes. Aliquots (25, 50, 75, 100, 150, or 200 ul) of RNA and DNA 
standards were transferred to separate glass tubes. DNA interferes with 
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this assay (the orcinol reaction) so standards were run to obtain data to 
correct for the amount of absorbance that was due to the DNA. The volume 
of each tube was brought to 1.0 ml by adding 0.4M perchloric acid (PCA) 
(i.e., 950 ul of PCA added to each sample tube). A solution of 66.7 mg 
of ferric chloride (FeClgS.GHgO) in 100 ml of concentrated HCl acid was 
prepared. To this solution, 400 mg of orcinol was added, and 2 ml of the 
resultant mixture were added to each tube. The tubes were placed in a 
boiling water bath for 15 minutes. The tubes were cooled to room 
temperature, without the use of ice, and read at 600 nm using a Gilford 
2600 Spectrophotometer (Oberlin, Ohio). 
The absorbancy of RNA was calculated by subtracting the correction 
value (C) from the optical density of the sample in the orcinal reaction. 
The correction value accounts for the absorbancy of the DNA in the 
sample. The value of C was determined by the following formula; 
C = O.D. of Dpa sample/(O.D. Dpa/mg DNA) x (O.D. Orc/mg DNA x .33). 
O.D. of Dpa sample was the optical density of the test sample in the 
diphenylamine reaction, O.D. Dpa/mg DNA was the optical density per mg of 
DNA standard determined in the diphenylamine reaction and O.D. Orc/mg DNA 
was the O.D. of the DNA standard in the orcinol reaction. 
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APPENDIX C. MEAN SQUARES TABLES 
Table CI. Experiment 1 (section 1): Analysis of variance of percentage 
body composition of 8 gram walleye 
Source of 
variation d.f. 
Mean squares 
% Moisture % Fat % Protein % Ash 
Protein 5 3.35® 4.05® 0.27 0.11^  
linear 1 14.31® 20.16 0.37 0.38® 
quadratic 1 1.02 0.01 0.16 0.14 
L.O.F.c 3 0.47 0.03 0.25 0.01 
Error 18 0.76 0.35 0.27 0.04 
Jp<.001. 
p<.05. 
Lack of fit. 
Table C2. Experiment 1 (section 1): Analysis of variance of weight gain 
(grams) and for grams of moisture, protein, fat and ash gained 
by 8 gram walleye 
Mean squares 
Source of Total 
variation d.f. weight Moisture Fat Protein Ash 
Protein 5 21,399^  31,943.3^  35.9 1,666.6^  36.1® 
linear 1 95,100* 149,774.2® 18.2 8,092.1® 169.0® 
quadratic 1 10,551 8,540.1® 130.9^  179.9 5.5 
L.O.F. 1 447 467.7 10.1 20.3 2.0 
Error 18 2,203 999.1 21.2 53.9 2.9 
®p<.001. 
°p<.05. 
of fit. 
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Table C3. Experiment 2 (section 1): Analysis of variance of weight 
gain, length gain and condition factor of 50 -gram walleye 
Mean squares 
Source of Weight Length Condition 
variation d.f. gain, g. gain, mm factor 
Protein 5 1,165.5 29.31 0.0021 
Linear 1 3,588.5^  62.52 0.0061* 
Quadratic 1 2,121.4^  70.74 0.0044° 
L.O.F. 3 39.2 4.43 0.0001 
Error 17 700.0 30.27 0.0010 
p^<.04. 
p<.05. 
%<.I0. 
Lack of fit. 
Table C4. Experiment 2 (Section 1): Analysis of variance of percentage 
body composition of 50 gram walleye 
Source of Mean squares 
variation d.f. % moisture % fat % protein % ash 
Protein 5 0.88 1. 12: 0.28 0.028 
linear 1 2.69b 4. 58^  0.26 0.001 
quadratic 1 0.03 0. 14 0.01 0.029 
L.O.F.^  3 0.55 0. 30 0.28 0.036 
Error 18 0.39 0. 42 0.10 0.049 
v. 02. 
Lack of fit. 
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Table C5. Experiment 2 (section 1): Analysis of variance of grams 
moisture, protein, fat and ash gained by 50 gram walleye 
Source of Mean squares 
variation d.f. moisture fat protein ash 
Protein 
linear 
quadratic 
L.O.F. 
Error 
5 
1 
1 
3 
18 
602.8 
1,935.5* 
1,038.1 
14.9 
347.1 
1.94 
0.19, 
8.02* 
0.50 
1.66 
42.87 
131.31* 
70.96 
4.03 
23.72 
1.79. 
5.88 
2.72 
0.36 
1.33 
®p<.03. 
p<.05. 
%<.10. 
back of fit. 
Table C6. Section 2: Analysis of variance of weight gain. length gain 
and condition factor 
Mean squares 
Source of Weight gain Length Condition 
variation d.f. % of initial wt. gain, mm factor 
Tank type 1 103.4 154.1* 0.00013 
Energy (E) 2 1431.5^  97.0* 0.00232 
Protein (P) 3 7442.3 39.2* 0.00069 
P X E 6 153.0 20.1 0.00121 
Error 35 372.4 20.4 0.00121 
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Table C7. Section 2: Analysis of variance of percentage body 
composition 
Source of 
variation d.f. % Moisture 
Mean squares 
% Protein % Fat % Ash 
Tank type 
Energy (E) 
Protein (P) 
P X E 
Error 
1 
2 
3 
6 
35 
3.09 
2.53® 
12.88® 
0.04 
0.48 
a 0.20 
0.37 
0.65' 
0.21 
0.31 
0.82 
17.ii: 
5.40^  
0.46 
0.27 
0.16° 
0.06= 
0.08 
0.01 
0.02 
p<.01. 
p^<.001. 
:p<.02. 
p<.05. 
Table C8. Section 2: Analysis of variance of grams of moisture, 
protein, fat and ash gained 
Source of Mean squares 
variation d.f. Moisture Protein Fat Ash 
Tank type 
Energy (E) 
Protein (P) 
P X E 
Error 
1 
2 
3 
6 
35 
19.3. 
856.2-
4091.3^  
75.9 
177.6 
8.0. 
59.2" 
281.6^  
4.4 
14.2 
23.9 
3.8 
3.3 
2-8^ 
10.5 
0.3 
0.7 
S<,01. 
p<.001. 
%<.02. 
p<.04. 
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Table C9. Section 2: Analysis of variance of RNA and DNA concentrations 
and RNA/DNA ratio in walleye muscle 
Mean squares 
Source of 
variation d.f. RNA® DNA® RNA/DNA 
Tank type 1 54865.0^  32.2 94.9^  
Energy (E) 2 24.3 15.5 5.1, 
Protein (P) 3 1648.7% 4.9 23.1 
P X E 6 1496.7 12.2 5.9 
Error 35 607.9 11.6 5.5 
fMeasured as ug/10 mg of dry, fat-free muscle. 
p<.001. 
jP<.06. 
p<.04. 
Table CIO. Section 3: Analysis of variance of weight gain, length gain 
and condition factor 
Mean squares 
Source of Weight gain Length Condition 
variation d.f. % of initial wt. gain, mm factor 
Tank type 1 0.8 707.4 0.0099 
Diet 5 7580.7® 231.6® 0.0173 
Aber. vs. W16R 1 1877.9 7.6 0.0017 
W16 vs. W16R 1 2512.0 3.1, 0.0013 
W16 vs. ISU-50 1 15985.3® 374.2 0.0182 
ISU-50 vs. Exp-50 1 4978.7° 232.1® 0.0001 
ISU-50 vs. Exp-60 1 4215.3^  73. 1^  0.0009 
Error 38 1,115.1 14.2 0.0008 
®p<.001. 
p<.04. 
p^<.06. 
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Table Cil. Section 3: Analysis of variance of percentage body 
composition 
Source of 
variation d.f. 
Mean squares 
% moisture % protein % fat % ash 
Tank type 1 0.46 0.33 0.03 0.01 
Diet 5 11.71 1.12 22.80* 0.64' 
Aber. vs W16R 1 0.99 1.23^  0.63 0.82' 
W16 vs W16R 1 0.22 0.01 0.54 0.02 
W16 vs ISU-50 1 10.04* 0.15 53.19* 1.46' 
ISU-50 vs Exp-•50 1 2.92% 0.09 1.41^  0.05' 
ISU-50 vs Exp-•60 1 2.84^  0.50 5.10* 0.02 
Error 38 0.62 0.30 0.43 0.02 
*p<.001. 
p<.04. 
%<.05. 
p<.08. 
Table C12. Section 3: Analysis of variance of grams of moisture, 
protein, fat and ash gained 
Source of Mean squares 
variation d.f. moisture protein fat ash 
Tank, type 1 
Diet 5 
Aber. vs W16R 1 
W16 vs W16R 1 
W16 vs ISU-50 1 
ISU-50 vs. Exp-50 1 
ISU-50 vs. Exp-60 1 
Error 38 
41.31* 
7.54b 
6.83^  
7.44C 
8.75* 
7.42^  
3.58 
2.16 
1.93* 
0.41* 
0.15 
0.42^  
0.39® 
0.58* 
0.12 
0.13 
0.33* 
0.53 
0.02 
0.03 
0.39* 
0.20 
0.33* 
0.02 
0.09* 
0.05* 
0.06* 
0.02* 
0.11* 
0.04* 
0.02* 
fp<.001. 
p<.01. 
jP<.08. 
p<.05. 
p<.09. 
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Table CI3. Section 3: Analysis of variance of RNA and DNA 
concentrations and DNA/DNA ratio in walleye muscle 
Mean squares 
Source of 
variation d.f . RNA® DNA® RNA/DNA 
Diet 5 664.5 0.85 80.3 
Aber. vs. W16R 1 2380.4 0.26 75.4 
W16 vs. W16R 1 13275.2 0.83 273.9 
W16 vs. ISU-50 1 1247.0 0.35 0.1 
ISU-50 vs. Exp-50 1 379.4 1.27 12.2 
ISU-50 vs. Exp-60 1 135.4 3.33 87.4 
Error 18 3322.5 1.22 87.9 
fheasured as ug/10 mg of dry, fat-free muscle. 
p<.06. 
cp<.09. 
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APPENDIX D. SUMMARY OF SUSPECTED WATER QUALITY PROBLEMS OF 1985 
During the summer of 1985, all walleyes raised at the fish research 
laboratory in Sciences Hall II and at the Poultry Science Research Center 
exhibited symptoms and mortality of unknown cause. The following is a 
description of the incident. 
Approximately 5,000, pond-reared fingerling walleye (50 to 70 mm in 
length) were received from the Iowa Conservation Commission in mid-June, 
1985. These fish were used in nutritional studies after being converted 
from a diet consisting of live feeds to pelleted feeds. The fish were 
very healthy and a high percentage of the fish began consuming the 
formulated feed soon after arrival. Fish that do not consume feed within 
the first 21 days in the laboratory usually die. After 28 days, 93% of 
the fish had survived and were consuming feed, but mortality was 
occurring. The mortality was not accompanied by the typical loss of body 
condition that occurs when fish do not consume pelleted feed. The fish 
that died were consuming feed and seemed to lose control over their body 
movement. The affected fish swam in a spiral pattern up and down in the 
tank for several days before death. Mortality averaged 1 to 3% per day. 
All standard water quality parameters were checked. The 
concentrations of ammonia, nitrate, free chlorine, dissolved oxygen and 
total gas saturation were normal. 
Healthy and affected fish were taken to the National Veterinary 
Service Laboratory for pathological examination. No causative organisms 
could be found. Disease was ruled out as a possible cause of the 
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problem. 
Experiments were designed to determine if the problem was of dietary 
origin. Two commercial diets and several experimental diets were fed for 
three weeks, and no change in mortality rate was observed among the 
groups of fish receiving the different diets. Based on these 
comparisons, a dietary contaminant also was ruled out as a cause of the 
problem. 
In early August, 8,000 walleye fingerlings (50 mm long) were 
obtained from the Valley City National Fish Hatchery (Valley City, North 
Dakota). These fish showed the same symptoms observed with the first 
group of fingerlings. Eighty-six percent of the North Dakota fish 
survived the first 28 days, but continued to die at a rate of 1 to 3% per 
day. Some of the fish were transferred to the holding facilities at the 
Poultry Science Research Center, but the mortality continued. Both 
facilities had a common water supply (Ames city water), but different 
dechlorination systems. 
Largemouth bass, rainbow trout and quillbacks were susceptible to 
the problem and died. Bluegills appeared to be unaffected and did not 
exhibit the "whirling behavior". Crayfish that were held in the system 
for several weeks became very blue in color. When crayfish were removed 
from the system and placed in aquaria, the blue color faded into dark 
black bands on the dorsal side of the carapace. 
The Ames city water plant was contacted in early August. The water 
plant had started pumping water in early July from well #5, which had not 
been used since 1978. Low water conditions in the Ames area necessitated 
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the use of the well. Well #5 was turned off in 1978 due to contamination 
by coal tar residues produced by a coal-gassification plant that was 
operational during the 1930s. The chemists at the Ames Laboratory of the 
U.S. Department of Energy conducted a study of the well before it was 
shut off in 1978. The leader of the study was contacted and he expressed 
doubt that the well could be contributing to the problem, because the 
activated carbon filters used to dechlorinate the water should remove the 
type of organic contamination found in the water of well #5. The 
activated carbon in the dechlorinating filters was changed. Mortalities 
continued in both genetic stocks. 
A small bio-assay was conducted with walleyes with undiluted water 
from well #5. The water was discolored and had a strong odor, but the 
fish lived for seven days without exhibiting any of the "whirling" 
symptoms. Well #5 was dismissed as a cause of the problem. 
Two-hundred North Dakota fingerlings were shipped to Dr. Steve 
Flickinger of Colorado State University. There was approximately 15% 
shipping mortality, but after the first three days no other mortality 
occurred. The growth rate of the fish was normal at the Colorado State 
University rearing facilities. 
In late August, the mortality rate slowed in the larger Iowa strain 
of walleyes and a nutritional experiment was started. Growth rates were 
30 to 40% less than observed for similar sized fish during the last two 
years. The fish did not "handle" as well as in previous experiments. 
Normal handling resulted in the death of some fish. Many fish contracted 
Aeromonas hydophila infections. Treatment with nitrofurazone removed the 
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visible signs of the infection for a few days and then, reinfection would 
occur. This bacteria had only been observed earlier as a secondary 
infection to an abrasion. 
In October, the opercula of the North Dakota fish were beginning to 
flare out and turn up at the edges. In late October, closer examination 
of the "flared gill fish revealed gross deformation in the skull region. 
Short and up-turned opercula, knurled jaw bones and isthmuses that were 
not connected to lower jaws were observed. Some fish could not open 
their mouths and were starving, others had very small mouths that could 
not be closed. Erosion of the fins was also observed. 
The U.S. Fish and Wildlife Service's, Columbia National Fisheries 
Research Laboratory had been studying the effects of the water soluble 
portions of crude oil on fish. Similar symptoms to those observed at 
Iowa State were induced in fathead minnows and rainbow trout by exposure 
to the water-soluble portions of crude oil. The only other known 
substance that produced similar symptoms in fish was pentachlorophenol, a 
potent human carcinogen. The toxicity of the crude oil extracts is 
chronic in nature. Short-term exposure (i.e., 7 days) would not be 
expected to induce Che symptoms. 
Mortality had stopped by early September. Approximately 2,500 of 
the North Dakota fingerlings and just a few Iowa fingerlings had 
survived. These fish were badly deformed and could not be used for 
further research. The growth rates observed during the nutritional 
experiment were so low that no effect of dietary treatment was observed. 
The experiment was dropped from the project plans. Approximately six 
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months of research time was consumed. 
A pumping test was conducted on well #5 by the Iowa State Water 
Resources Research Institute and water samples were sent to Iowa City for 
analysis. Technical difficulties resulted in the loss of many samples 
and the results were inconclusive. Well #5 was activated on July 16th 
and shut down in mid-October. The onset of the walleye mortality seemed 
to occur before well #5 was activated, and the mortality ended 
approximately 3 weeks after the well was shut down. 
The exact cause of the mortality was not determined, but seemed to 
be a water-related problem. The mortality: a) affected two different 
genetic stocks of walleye; b) occurred at two different locations; c) was 
not a feed contamination problem; d) was not caused by a pathogen; e) 
ceased when the fish were moved to a different water system. This 
circumstantial evidence suggests the problem was water contamination. 
